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ABSTRACT Trophoblastic cells lack classical HLA class
I and class II molecules but express HLA-G1. Although this
may prevent allorecognition by maternal T cells, it renders
trophoblastic cells potentially susceptible to lysis by natural
killer (NK) cells. As shown here, only a fraction of peripheral-
blood NK cells in pregnant women express the HLA-G1-
specific CD94yNKG2A andyor LIR-1 receptors. However, all
NK cells isolated from maternal decidua during the first
trimester expressed either one or both of these receptors.
Perhaps more importantly, a fraction of cells expressed p49,
an HLA-G1-specific inhibitory receptor, undetectable in pe-
ripheral-blood NK cells. p49 was expressed on virtually all NK
cells isolated from placenta at term. Functional analyses
revealed that the HLA class I-negative 221 lymphoblastoid cell
line transfected with HLA-G1 was only partially protected
from lysis by peripheral-blood NK cells isolated from preg-
nant women, whereas it was fully protected from decidual NK
cells. As indicated by the addition of specific antibodies to
cytolytic tests, all the above receptors contributed to HLA-G1
recognition by decidual NK cells, although p49 would appear
to play a predominant role.

The trophoblastic cells in human placenta lack classical HLA
class I and class II antigens, with the exception of the expres-
sion of HLA-C during the first trimester (1, 2). Although this
condition prevents allorecognition and lysis by maternal T
lymphocytes, it poses the problem of how trophoblastic cells
can escape lysis mediated by natural killer (NK) cells. It is
conceivable that the expression of the nonclassical HLA class
I molecule HLA-G1, characterized by a limited polymorphism,
may play a role in the protective effect (3–9). It is now well
established that human NK cells express different HLA class
I-specific inhibitory receptors termed ‘‘killer inhibitory recep-
tors’’ (KIRs) (10). These include several members of the Ig
superfamily, recognizing defined groups of HLA class I alleles.
Thus, p58.1 and p58.2 function as receptors for two groups of
HLA-C alleles (11), p70 functions as receptor for the HLA-B
alleles belonging to the Bw4 supertypic specificity (12), and
p140 recognizes certain HLA-A alleles (13, 14). Although
none of these KIRs recognizes HLA-G1 (15–17), LIR-1,
another recently identified member of the Ig superfamily,
recognizes some HLA class I molecules including HLA-G1
(18, 19). Another NK receptor thought to recognize HLA-G1
is the complex formed by CD94 and NKG2A, both type II
membrane proteins belonging to the C-type lectin family
(20–24). Although recent data have shown that CD94y
NKG2A actually recognizes HLA-E molecules, the latter are

surface expressed only in association with defined HLA class
I alleles, including HLA-G1 (25). Therefore, operationally,
CD94yNKG2A1 cells can sense HLA-G1 molecules expressed
on trophoblastic cells (26). Another putative receptor for
HLA-G1 is the molecular product of the cl.15.212 cDNA. This
molecule, termed p49, is characterized by two Ig-like domains
and is homologous to KIRs belonging to the Ig superfamily.
Importantly, the use of p49 in soluble form allowed to dem-
onstrate binding to HLA-G1 cell transfectants (27).

In a recent study, the expression of some KIRs, including
p58.1, p58.2, and CD94, has been evaluated in decidua-derived
NK cells and compared with those isolated from peripheral
blood of pregnant women (28). A relatively high expression of
these molecules has been observed, thus suggesting that the
HLA-C-specific p58 receptors may prevent (during the first
trimester) the attack to cytotrophoblast at least by those NK
cells expressing p58. However, no information has been pro-
vided so far on the expression of receptors capable of detecting
the HLA-G1 expression during pregnancy.

The present study was designed to analyze the expression of
the known HLA-G1-specific receptors both in maternal de-
cidua and in peripheral blood from pregnant women. We show
that in pregnant women there is a general up-regulation of KIR
expression in peripheral-blood lymphocytes. Moreover, most
NK cells isolated from maternal decidua expressed CD94y
NKG2A and LIR-1. Perhaps more importantly, p49 was
detected in decidual-associated but not in peripheral-blood
NK cells. Functional studies revealed that p49 may play a
relevant role in HLA-G1 recognition by decidual NK cells.
Therefore, it appears that decidua-associated NK cells express
different HLA-G1-specific receptors that are likely to prevent
lysis of trophoblastic cells.

MATERIALS AND METHODS

Antibodies and Reagents. mAbs XA185 (IgG1, anti-CD94),
Y9 (IgM, anti-CD94), GL183 (IgG1, anti-p58.2), EB6 (IgG1,
anti-p58.1), Z276 (IgG1, anti-p70), Q66 (IgM, anti-p140),
Z270 (IgG1, anti-NKG2A), Z199 (IgG2b, anti-NKG2A), JT3a
(IgG2a, anti-CD3), HP26 (IgG2a, anti-CD4), B9.4 (IgG2b,
anti-CD8), KD1 (IgG2a, anti-CD16), A6136 (IgM, anti-HLA
class I), 6A4 (F(ab9)2, anti-class I), TOP-2 murine antiserum
(IgG1, anti-p49) (all selected in our laboratory; see refs. 11, 14,
22, and 29) were used in this study.

MAb M401 (IgG1, anti-LIR-1) was kindly provided by D.
Cosman, Immunex (Seattle, WA). MAbs Leu-19 (IgG1, anti-
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CD56) and Leu-4 (IgG1, anti-CD3) were purchased from
Becton Dickinson (San Jose, CA).

Fluorescein isothiocyanate- and phycoerythrin-conjugated
anti-isotype goat anti-mouse antibodies were purchased from
Southern Biotechnology Associates. The culture medium used
was RPMI 1640 supplemented with L-glutaminey10% fetal
calf serum (Boehringer Mannheim)y1% antibiotic mixture (5
mg/ml penicilliny5 mg/ml streptomyciny10 mg/ml neomycin
stock solution)yhuman recombinant IL-2, kindly provided by
Chiron-Italia (Milan).

Immunofluorescence Analysis. The reactivity of mAbs with
cell populations was assessed by indirect immunofluorescence
and flow cytometric analyses, as described (30). Briefly, 105

cells were stained with the corresponding mAb followed by a
fluorescein isothiocyanate-conjugated goat anti-mouse Ig or
appropriate f luorescein isothiocyanate- or phycoerythrin-
conjugated anti-isotype specific goat anti-mouse antiserum
(Southern Biotechnology Associates), as second-step reagents.
All samples were analyzed on a flow cytometer (FACSort;
Becton Dickinson). Results are expressed as logarithm of
green fluorescence intensity (arbitrary units) vs. logarithm of
red fluorescence intensity.

Isolation and Culture of Lymphocytes. Peripheral-blood
lymphocytes were isolated from blood of pregnant women or
normal controls by a Ficoll–Hypaque density gradient, as
described (30, 31).

In some experiments, peripheral-blood lymphocytes were
depleted of CD31 cells by negative selection using, respec-
tively, Leu-4 and KD1 mAbs and magnetic beads coated with
anti-mouse Ig (Immunotech, Luminy, France). Cells were
cultured in the presence of irradiated feeder cells and 100
unitsyml of recombinant IL-2, as previously described (31).

Isolation of Decidua-Associated Lymphoid Cells. Maternal
decidual tissues were obtained from elective first trimester
terminations of pregnancy (between 8 and 11 wk) by section
curettage. Decidual lymphocytes were isolated as described
(32).

Lymphoid cells were also isolated from placentas at term.
The tissue was dissected mechanically into small pieces and
then passed through a stainless mesh to obtain cell suspen-
sions. These were then passed over Ficoll–Hypaque density
gradients to enrich the cell suspensions in mononuclear cells.

Assay for Cytolytic Activity. Cytolytic activity of polyclonal
cell populations was tested in a 4-h 51Cr-release assay as
previously described in detail (31). 51Cr-labeled human class I
negative-transformed cell lines LCL721.221 (thereafter indi-
cated as 221) and 221-G1 transfected (27) were used as target
cells. Effector:Target cell ratio ranged between 0.5:1 and 10:1
in a final volume of 200 ml RPMI 1640. The cytolytic assay was
performed in medium alone or in the presence of 50 ml of
culture supernatants of various murine mAbs or sera, including
A6136 mAb (IgM), 6A4 F(ab9)2, Y9 (IgM), M401 (IgG1), and
TOP-2 (IgG1).

Preparation of Soluble p49-Fc Chimeric Molecule and
Binding Assay. cDNA sequence coding for the extracellular

domain of cl.15.212 molecule was amplified by using the set of
primers CAG GGG GCG CTA GCG CAC GTG GGT GGT
CAG GAC AAG CC (15.212 Ig Up) GAG GTC CCA GGA
TCC GCA TGA TGC AGG TGT CTG GCG ATA CC (15.212
Ig down). The PCR fragment was ligated to NheI-BamHI-cut
CD51neg1 expression vector (gift from B. Seed) (33), in frame
with the CD5 leader-peptide coding sequence at the 59 end,
and with a genomic sequence for the Fc fragment of human
IgG1 at the 39 end. COS-7 cells were transfected by the
DEAE–dextran method and cultured in DMEM supple-
mented with 10% Ultra-Low IgG Fetal Bovine Serum
(GIBCOyBRL). Supernatants were collected on days 4 and 8
after transfection. Soluble chimeric receptors were purified as
described (34). 221 cells untransfected or transfected with the
HLA-G1 allele-encoding cDNA were incubated with 10 mg of
p49-Fc fusion protein for 30 min at 4°C in culture medium
followed by a phycoerythrin (PE)-conjugated goat anti-human
antibody (Southern Biotechnology Associates). FACS analysis
was carried out as above.

Generation of Anti-p49 Antiserum and COS-7 Cell Trans-
fection. A 5 wk-old BALByc mouse (Charles River Breeding
Laboratories) was immunized with a first injection of 100 mg
of p49-Fc chimeric protein mixed 1:1 (volyvol) with complete
Freund’s adjuvant (Sigma), behind the neck. One month later
a booster immunization was given, followed after 2 wk by a
final injection with 100 mg of p49-Fc mixed with complete
Freund’s adjuvant. Three days later, a test sample of blood was
taken and analyzed by ELISA, by using the p49-Fc chimeric
protein in the coating step and horseradish peroxidase-labeled
goat anti-mouse IgG as secondary antibody. This antiserum
(termed TOP-2) was extensively adsorbed by using erythro-
cytes and then untransfected COS-7 cells. To analyze the
specificity of TOP-2 for p49 molecules, COS-7 cells were
transfected with the cl.15.212-VR1012 construct (Vical, San
Diego) or with an irrelevant cDNA by using the DEAE–
dextran method. After 48 hr, transfected cells were stained
with TOP-2 or with sera derived from unimmunized mice
(1:100 final dilution) followed by anti-mouse IgG1 PE-
conjugated antiserum and were analyzed by cytofluorimetry.

RESULTS

KIR Expression in Peripheral-Blood Lymphocytes of Preg-
nant Women. The expression of various HLA class I-specific
KIR has been analyzed in peripheral blood of pregnant women
at different weeks of gestation. KIRs analyzed included p58.1,
p58.2, p70, p140, CD94yNKG2A, and LIR-1. During the first
trimester, there was an overall increase of KIR1 cells in the
peripheral blood, as compared with nonpregnant women.
These increases were maximal within the third month of
gestation and subsequently declined and reached basal levels
by the end of gestation. Perhaps more remarkable was the
general increase in the fluorescence intensity of the various
expressed KIRs. Table 1 summarizes the results obtained in
eight pregnant women analyzed at a gestational age ranging

Table 1. Increased proportions of KIR1 lymphocytes and up-regulation of KIR expression at the cell surface during early pregnancy

Donors

p58.2 NKG2-A LIR-1

Positive cells %*
(6SEM)

Mean FI
(6SEM)

Positive cells %*
(6SEM)

Mean FI†

(6SEM)
Positive cells %*

(6SEM)
Mean FI†

(6SEM)

Pregnant women
(n 5 8)

8 (0.90) 460 (73)‡ 11 (1.9) 250 (40.7)‡ 24 (3.5) 122 (25.7)‡

Control women
(n 5 8)

5 (0.59) 253 (61.8) 10 (1.61) 145 (18.4) 17 (1.7) 58 (9.4)

FI, f luorescence intensity.
*The percentage of cells expressing the indicated KIR were evaluated by cytofluorimetry.
†Numbers indicate the mean FI as evaluated by cytofluorimetric analysis.
‡P , 0.05 two-tailed Student’s t test vs. control group.
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between 8 and 13 wk. Only those receptors that recognize HLA
class I molecules expressed on trophoblastic cells during the
first trimester (i.e., HLA-C and HLA-G1), including p58.2,
NKG2A (revealed the inhibitory CD94yNKG2A receptor
complex) and LIR-1, are illustrated. Higher percentages of the
various surface receptors could be detected in pregnant vs.
nonpregnant women. Perhaps more importantly, the mean
fluorescence intensity of the various KIRs was considerably
higher (Table 1), thus supporting the notion of a general
up-regulation of the expression of different KIRs during
pregnancy. Although the higher percentages of circulating
KIR1 cells primarily reflected an increase of KIR1 T lym-
phocytes, the increases in fluorescence intensity of the various
KIRs analyzed were equally detectable in NK and T lympho-
cytes (not shown). In some experiments, KIR expression could
be analyzed in the same women during pregnancy and after
delivery. It was found that, after delivery, both the proportions
of cells expressing different KIRs and the fluorescence inten-
sity were consistently lower than during the first trimester (not
shown).

Although not shown, the expression of both CD94yNKG2A
and LIR-1 has been evaluated by double immunofluorescence
in the CD161 (i.e., NK) cell population of PB lymphocytes.
Consistently, both of these receptors capable of sensing the
HLA-G1 expression were found in high proportions of CD161

cells. However, a fraction (up to 50%) of CD161 cells did not
express these HLA-G1-specific receptors.

Expression of HLA-G1 Confers Only a Partial Protection
from NK Cell Populations Isolated from Peripheral Blood of
Pregnant Women. We next analyzed whether surface expres-
sion of CD94yNKG2A and LIR-1 in peripheral-blood NK cells
from pregnant women could prevent lysis of HLA-G11 cells.
Because fresh peripheral-blood NK cells displayed a low
cytolytic activity against the class I-negative 221 cells used in
this study (see below), we analyzed cultured NK cell lines
(obtained by depleting CD31 cells). NK cell lines were derived
from eight pregnant and three nonpregnant women as control.
Fig. 1A shows the FACS profiles of informative markers
expressed by a NK cell line derived from a woman at week 10
of gestation. High proportions of cells expressed CD56 and
CD16. The majority of cells expressing CD16 coexpressed
NKG2A, indicating that they were equipped with the inhibi-
tory CD94yNKG2A receptor complex. In addition, about half
of CD161 cells coexpressed LIR-1. Thus, CD94yNKG2A and
LIR-1, two receptors that can sense HLA-G1 molecules (26,
27), were expressed in high percentages in this cell line. A
similar pattern of expression of NKG2A and LIR-1 was
detected in the majority of NK cell lines derived from pregnant
women.

These cultured NK cells were tested in a cytolytic assay
against either untransfected or HLA-G1-transfected 221 target
cells. As shown in Fig. 1B, cells (corresponding to those
analyzed in A) lysed efficiently 221 cells, while 221-G1 cells
were partially protected from lysis. Addition of mAb specific
for either CD94 or LIR-1 reverted the protective effect, at least
in part. The simultaneous addition of both mAbs resulted in a
virtually complete restoration of lysis of 221-G1 target cells.

Analysis of CD161 cell lines derived from nonpregnant
women indicated that the protection conferred by HLA-G1
was generally lower than that detected with NK cell lines
derived from pregnant women. It is of note that, in all these NK
cell lines, a lower fraction of cells expressed NKG2A, while
only a small percentage expressed LIR-1 (not shown).

Taken together, these data indicate that NK cells isolated
from peripheral blood of pregnant women may express recep-
tors potentially able to sense HLA-G1 molecules on placental
trophoblastic cells. However, it is also evident that (i) a fraction
of fresh (or cultured) peripheral-blood NK cells do not express
CD94yNKG2A or LIR-1, and (ii) even when these receptors
are expressed by a large fraction of cultured NK cell lines (as

in Fig. 1), 221-G1-transfectants were only partially protected
from NK-mediated lysis. These data suggest that HLA-G11

trophoblastic cells may not be fully protected from NK cells
unless all NK cells in placenta express these receptors andyor
unless they express additional HLA-G1-specific receptors.

Generation of an Antiserum Specific for p49, a Putative
HLA-G1-Specific KIR. We recently described a cDNA termed
cl.15.212 that encodes a HLA class I-specific receptor (p49)
belonging to the Ig superfamily and sharing homology with
p58, p70, and p140 KIRs (27). By the use of a soluble chimeric
p49-Fc molecule, we could demonstrate selective binding to
some HLA class I alleles including HLA-G1 (Fig. 2A; see also
ref. 27). We immunized mice with the p49-Fc protein to
generate a p49-specific antiserum. This antiserum, termed
TOP-2, stained COS-7 cells transfected with cl.15.212 cDNA
but not COS-7 cells either untransfected or transfected with an
irrelevant cDNA (Fig. 2B). Control mouse sera (i.e., derived
from nonimmunized mice) did not stain p49-COS-7 cell
transfectants (not shown). In view of these data, we used the
p49-specific TOP-2 antiserum to analyze p49 expression in
lymphocytes isolated from pregnant and nonpregnant women.

Expression of p49, CD94yNKG2A, and LIR-1 in Maternal
Decidua-Associated Lymphoid Cells. We first analyzed the
reactivity of the p49-specific TOP-2 antiserum with peripheral-
blood lymphocytes isolated from either pregnant or nonpreg-

FIG. 1. Expression of CD94yNKG2A and LIR-1 in a NK-enriched
cell line derived from a pregnant woman and partial protection from
lysis mediated by HLA-G1 expression on target cells. (A) Double-
f luorescence analysis of a CD3-depleted (NK-cell enriched) lympho-
cyte population cultured for 8 days in the presence of rIL-2. Cells were
stained with different combinations of the following mAbs: anti-CD56,
anti-CD16, anti-CD94, anti-NKG2A, and anti-LIR-1 (x axis, green
fluorescence; y axis, red fluorescence). (B) The same NK-enriched
cultured lymphocyte population was analyzed for the ability to lyse 221
cells or 221-G1 cell transfectants. In addition, the cytolytic activity
against 221-G1 was assessed also in the presence of Y9 (anti-CD94)
mAb, M401 (anti-LIR-1), or a combination of the two mAbs. Each
histogram represents the mean of triplicate experiments.
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nant women. Staining with TOP-2 could be detected neither in
14 of 15 pregnant women analyzed nor in all nonpregnant
controls (not shown). Only in a single pregnant woman, at the
28th week of gestation, did a small fraction of peripheral-blood
lymphocytes display reactivity with TOP-2, but not with con-
trol Mo serum (not shown). On the other hand, both anti-
NKG2A and anti-LIR-1 consistently stained a fraction of
lymphocytes (see Table 1).

We further investigated whether p49 was expressed by NK
cells isolated from maternal decidua obtained from elective

termination of pregnancy during the first trimester. Three of
seven samples of decidua analyzed yielded sufficient cell
numbers to be further investigated for surface staining. A
representative experiment is shown in Fig. 3. In agreement
with previous data (28), a substantial fraction of cells were
CD56bright, while cells expressing CD16 were present in low
proportions. A large fraction of cells expressed CD94,
NKG2A, and, in lower percentage, LIR-1. Although not
shown, double fluorescence analysis revealed that all CD561

(NK) cells expressed CD94yNKG2A. Importantly, a fraction
of cells expressed p49. The control mouse serum showed no
reactivity (not shown; see also Fig. 4A). Cells expressing LIR-1
or p49 molecules were also confined to CD561 cells. These
data suggest that p49 may be selectively expressed by NK cells
associated to maternal decidua. Thus, these NK cells not only
expressed CD94yNKG2A and LIR-1 but were also equipped
with an additional HLA-G1-specific receptor that is usually
absent in peripheral-blood NK cells.

To obtain additional information on the various receptors
that may sense the HLA-G1 expression in trophoblastic cells,
we further analyzed mononuclear cells isolated from samples
of placenta at term. As shown in Fig. 4A, about half of such
cells were CD561 cells. As opposed to NK cells isolated from
maternal decidua during the first trimester, most CD561 cells
were also CD161. In addition, the majority of CD161 cells
expressed LIR-1, and, in lower percentages, CD94yNKG2A.
Finally, virtually all CD161 cells expressed p49, as assessed by
using the TOP-2 antiserum. No reactivity could be detected
with the control MO-antiserum.

Taken together, these data show that the majority of NK
cells isolated from maternal decidua coexpress different re-
ceptors potentially able to sense the HLA-G1 expression in
placental trophoblastic cells. However, as opposed to NK cells
isolated from maternal decidua during the first trimester, the
proportions of NK cells stained by TOP-2 antiserum outnum-
bered those stained by NKG2A.

Role of p49 in the HLA-G1 Recognition by NK Cells Isolated
from Maternal Decidua. Because maternal decidua-associated
NK cells coexpress p49, CD94yNKG2A, and LIR-1, we ana-
lyzed the involvement of these receptors in HLA-G1 recogni-
tion and thus in the inhibition of NK cell-mediated cytolysis of
HLA-G11 target cells. To this end, we tested freshly isolated
decidual NK cells isolated from placenta at delivery for the
ability to lyse 221-G1 transfectants either in the presence or in
the absence of mAbs to one or another receptor. Untrans-

FIG. 2. Specific binding of the anti-p49 TOP-2 antiserum to p49
cell transfectants. (A) Binding of p49-Fc soluble molecule to HLA-G1
cell transfectants. p49-Fc has been incubated with HLA-G1 221-
transfected cells (Left) or with 221 untransfected cells (Right) followed
by anti-human IgG PE-conjugated mAb. White profiles represent
controls stained with the second reagent only. (B) Staining of
cl.15.212-transfected COS-7 cells by the anti-p49 TOP-2 antiserum.
COS-7 cells transfected with cl.15.212-VR1012 construct (Left) or with
an irrelevant cDNA (Right) were stained with TOP-2 antiserum
followed by a PE-conjugated anti-mouse IgG1. White profiles repre-
sent controls stained with the second reagent only.

FIG. 3. Expression of CD94yNKG2A, LIR-1, and p49 receptors in lymphoid cells freshly isolated from maternal decidua in early pregnancy.
The lymphoid population analyzed was derived from maternal decidua tissue obtained from elective (10th week) termination of pregnancy. Cells
were purified on Ficoll–Hypaque gradients and were analyzed for surface expression of informative markers including CD56, CD16, CD94, NKG2A,
LIR-1 (by using the specific mAbs indicated in Materials and Methods followed by an anti-mouse IgG1), and p49 (by using the TOP-2 antiserum);
a PE-conjugated anti-mouse IgG1 was used as second reagent.
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fected 221 cells were used as control. Fig. 4B shows data from
two different donors. It is evident that while untransfected 221
cells were susceptible to lysis, 221-G1 transfectants were not
lysed. A partial restoration of lysis was detected in the presence
of anti-CD94 or anti-LIR-1 mAb (Fig. 4) or a combination of
the two mAbs (not shown). Maximal restoration of lysis
occurred in the presence of TOP-2 antiserum (while the
control mouse serum had no effect). Therefore, decidua-
associated NK cells express different receptors capable of
sensing the HLA-G1 expression; however, the newly inducible
p49 receptor may play a major role in preventing the NK-
mediated lysis of trophoblastic cells, at least during the late
phases of pregnancy.

DISCUSSION

Our present study shows that, during pregnancy, there is
substantial increase of KIR expression in peripheral-blood
lymphocytes. In particular, CD94yNKG2A and LIR-1 recep-
tors, capable of sensing HLA-G1 molecules expressed by
trophoblastic cells, were highly represented. More importantly,
decidua-associated NK cells expressed not only CD94y
NKG2A and LIR-1, but also an HLA-G1-specific KIR that
may play an important role in preventing the NK cell-mediated
attack to trophoblastic cells.

Maternal NK cells are closely associated with trophoblast
that does not express classical HLA class I molecules, with the
exception of HLA-C (expressed only during the first trimes-
ter), although it expresses the nonclassical HLA-G1 molecule.
The obvious question arises of why NK cells do not destroy
trophoblastic cells, since not all peripheral-blood NK cells
express receptors that may sense HLA-G1 molecules. Differ-
ent mechanisms could account for this phenomenon. NK cell
activation during natural cytotoxicity reflects the engagement
of different triggering receptors with their ligands expressed on
potential target cells. Thus, either down-regulation of trigger-
ing receptors on NK cells or the lack of expression of their
ligands on cytotrophoblastic cells might explain the phenom-
enon. In this context, decidua-associated NK cells do not
express CD16. However, CD16 does not appear to be involved
in natural cytotoxicity but rather in antibody-mediated cellular
cytotoxicity (35). In addition, decidua-associated NK cells lyse
efficiently NK-susceptible target cells, thus suggesting that
triggering receptors involved in natural cytotoxicity are func-
tioning. Regarding the expression of ligands for triggering
receptors on trophoblastic cells, the finding that the tropho-
blastic cell line JAR (36) is susceptible to NK-mediated lysis
suggests (but does not prove) that their normal counterpart
may also express these ligands.

Although we cannot rule out that down-regulation of trig-
gering receptors in NK cells andyor ligands on trophoblastic
cells may indeed occur, our present study indicates that
virtually all decidua-associated NK cells express one or more
inhibitory receptors capable of sensing HLA-G1 molecules.
Importantly, besides the high expression of known receptors
such as CD94yNKG2A and LIR-1 (particularly during the first
trimester), our data provide evidence that p49, a recently
identified HLA-G1-specific receptor, is expressed by decidua-
associated NK cells but not by peripheral NK cells isolated
from pregnant (or nonpregnant) women. p49 is the molecular
product of a previously described gene, termed cl.15.212,
which belongs to the KIR family and is characterized by two
extracellular Ig-like domains (27). We have recently shown
that soluble p49-Fc selectively binds to some HLA class I
alleles, including HLA-G1 (27). In the present study, we
generated a mouse antiserum (TOP-2) against the soluble
p49-Fc molecule. TOP-2 reacted with COS-7 cells transfected
with cl.15.212 cDNA but not with COS-7 cells either untrans-
fected or transfected with irrelevant cDNAs. Remarkably,
TOP-2 failed to react with peripheral NK cells but stained most
NK cells isolated from decidua (especially from placenta at
term). In addition, while freshly isolated decidual NK cells did
not lyse 221-G1 target cells, lysis of the latter was restored by
the addition of TOP-2 to the cytolytic assay (control mouse
serum had no effect). These data indicate that the HLA-G1-
specific p49 receptor is expressed by NK cells in placenta and
suggest that it may cooperate with other receptors to sharply
inhibit NK cell function on binding to HLA-G1 molecules
expressed on placental trophoblastic cells. Remarkably, while
less than half of decidual (CD561) NK cells during the first
trimester expressed TOP-2 (while all expressed CD94y
NKG2A), this receptor was the predominant one in NK cells
isolated from placenta at term. These data may suggest that
different receptors capable of sensing HLA-G1 molecules may

FIG. 4. Surface expression of CD94yNKG2A, LIR-1 and p49 recep-
tors in lymphoid cells freshly isolated from placenta at term and their role
in the HLA-G1 recognition. The lymphoid population analyzed was
freshly derived from maternal decidua tissues of placenta at term. (A)
Cells were stained with the indicated combinations of antibodies of
different isotype, followed by appropriate isotype-specific second re-
agents, and were analyzed by double fluorescence analysis (Upper). The
TOP-2 mouse antiserum (Lower) specifically recognizes the p49 receptor,
while a control mouse serum (MO-serum) represents a control serum
derived from a nonimmunized mouse (x axis, green fluorescence; y axis,
red fluorescence). In this case, an anti-mouse IgG1 (PE-conjugated) has
been used as second reagent. Note that, in double fluorescence experi-
ments, both anti-CD16 and anti-CD3 mAbs belonged to the IgG2a
subclass. (B) Lymphoid populations, freshly isolated from two placentas
at term, were analyzed for the ability to lyse 221 cells transfected or not
with HLA-G1. The cytolytic activity against 221-G1 was also assessed in
the presence of Y9 (anti-CD94) or M401 (anti-LIR-1) mAb, the anti-p49
TOP-2 antiserum, and a MO-serum. A6136 (IgM) mAb in combination
with 6A4 F(ab9)2, both directed to HLA class I molecules and reacting
with HLA-G1, were also used. Note that masking of p49 restored lysis to
an extent similar to that obtained by masking HLA-G1. Each histogram
represents the mean of triplicate experiments.
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exert a predominant role at different gestational stages. Our
data also strongly suggest that (i) p49 expression may be
induced ex novo in the decidual microenvironment, possibly as
a result of the effect of cytokine(s) andyor hormone(s), and (ii)
p49 may be down-regulated once NK cells leave the placenta,
as suggested by the fact that no p49 reactivity could be detected
in peripheral NK cells from pregnant women (with a single
exception). It is possible that the surface expression of p49 may
be induced rapidly, to prevent the attack to trophoblastic cells
by NK cells trafficking to maternal decidua. If this is the case,
one may speculate that p49 may be preformed by NK cells and
stored in cytoplasmic compartments. Their prompt release
after appropriate stimuli would represent a fail-safe mecha-
nism to avoid NK-mediated damage to trophoblastic cells.
Studies to analyze this possibility are in progress in our
laboratory. It will also be important to determine whether
impaired expression of p49 andyor other HLA-G1 specific
receptors may play a role in recurrent abortions.

The finding that most CD561 cells isolated from decidua
express CD94 and NKG2A and, in part, LIR-1, and that there
is a general up-regulation of KIR expression also in peripheral-
blood NK and T cells suggests that the expression of different
KIRs may be induced by still undefined signals delivered
within the placental microenvironment. Candidates for the
induction of CD94yNKG2A expression may be IL-15 andyor
TGF-b, which are produced in placenta and have been shown
to induce surface expression of CD94yNKG2A in both NK and
T cells (37–39).

Taken together, our data suggest that an important mech-
anism to prevent the attack of fetal tissues by the immune
system is the induction of expression of inhibitory receptors on
cytolytic effector cells (including both NK and cytolytic T
lymphocytes). In this context, inhibitory receptors including
LIR-1 and other KIR-related molecules of still-undefined
specificity (such as p40) have also been identified in macro-
phages and dendritic cells (18, 19, 40). It is possible that
common mechanism(s) of induction may exist for KIRs and
related molecules, and that this phenomenon may represent a
more general device to inhibit the immune response during
pregnancy.
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della Ricerca Scientifica e Tecnologica (M.U.R.S.T.), and Progetto
Finalizzato Biotecnologie awarded by Consiglio Nazionale delle
Ricerche.

1. King, A., Boocock, C., Sharkey, A. M., Gardner, L., Beretta, A.,
Siccardi, A. G. & Loke, Y. W. (1996) J. Immunol. 156, 2068–2076.

2. Parham, P. (1996) Curr. Biol. 6, 638–641.
3. Le Bouteiller, P. & Lenfant, F. (1996) Res. Immunol. 147,

301–313.
4. Geraghty, D. E. (1993) Curr. Opin. Immunol. 5, 3–7.
5. Carosella, E. D., Dausset, J. & Kirszenbaum, M. (1996) Immunol.

Today 17, 407–409.
6. Kovats, S., Main, E. K., Librach, C., Stubblebine, M., Fisher, S. J.

& DeMars, R. (1990) Science 248, 220–223.
7. Diehl, M., Munz, C., Keilholz, W., Stevanovic, S., Holmes, N.,

Loke, Y. W. & Rammensee, H.-G. (1996) Curr. Biol. 6, 305–314.
8. Ellis, S. A., Sargent, I. L., Redman, W. G. & McMichael, A. J.

(1986) J. Immunol. 59, 595–601.
9. McMaster, M. T., Librach, C. L., Zhou, Y., Lim, K.-H., Janat-

pour, M. J., DeMars, R., Kovats, S., Damsky, C. & Fisher, S. J.
(1995) J. Immunol. 154, 3771–3778.

10. Moretta, A., Bottino, C., Vitale, M., Pende, D., Biassoni, R.,
Mingari, M. C. & Moretta, L. (1996) Annu. Rev. Immunol. 14,
619–648.

11. Moretta, A., Vitale, M., Bottino, C., Orengo, A. M, Morelli, L.,
Augugliaro, R., Barbaresi, M., Ciccone, E. & Moretta, L. (1993)
J. Exp. Med. 178, 597–604.

12. Litwin, V., Gumperz, J. E., Parham, P., Phillips, J. H. & Lanier,
L. L. (1994) J. Exp. Med. 180, 537–543.

13. Dohring, C., Scheidegger, D., Samaridis, J., Cella, M. & Colonna,
M. (1996) J. Immunol. 156, 3098–3101.

14. Pende, D., Biassoni, R., Cantoni, C., Verdiani, S., Falco, M., Di
Donato, C., Accame, L., Bottino, C., Moretta, A. & Moretta, L.
(1996) J. Exp. Med. 184, 505–518.

15. Perez-Villar, J. J., Melero, I., Navarro, F., Carretero, M., Bellon,
T., Llano, M., Colonna, M., Geraghty, D. E. & Lopez-Botet, M.
(1997) J. Immunol. 158, 5736–5743.

16. Pende, D., Sivori, S., Accame, L., Pareti, L., Falco, M., Geraghty,
D., Le Bouteiller, P., Moretta, L. & Moretta, A. (1997) Eur.
J. Immunol. 27, 1875–1880.

17. Soderstrom, K., Corliss, B., Lanier, L. L. & Phillips, J. H. (1997)
J. Immunol. 159, 1072–1075.

18. Cosman, D., Fanger, N., Borges, L., Kubin, M., Chin, W.,
Peterson, L. & Hsu, M.-L. (1997) Immunity 7, 273–282.

19. Colonna, M., Navarro, F., Bellón, T., Llano, M., Garcı́a, P.,
Samaridis, J., Angman, L., Cella, M. & López-Botet, M. (1997)
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