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Natural killer (NK) cells are the main lymphoid population in the
maternal decidua during the first trimester of pregnancy. Decidual
NK (dNK) cells display a unique functional profile and play a key
role in promoting tissue remodeling, neoangiogenesis, and im-
mune modulation. However, little information exists on their
origin and development. Here we discovered CD34* hematopoietic
precursors in human decidua (dCD34"). We show that dCD34" cells
differ from cord blood- or peripheral blood-derived CD34" pre-
cursors. The expression of IL-15/IL-2 receptor common f-chain
(CD122), IL-7 receptor a-chain (CD127), and mRNA for E4BP4 and
ID2 transcription factors suggested that dCD34" cells are commit-
ted to the NK cell lineage. Moreover, they could undergo in vitro
differentiation into functional (i.e., IL-8- and IL-22-producing)
CD56""9"CD 16 KIR*'~ NK cells in the presence of growth factors
or even upon coculture with decidual stromal cells. Their NK cell
commitment was further supported by the failure to undergo
myeloid differentiation in the presence of GM-CSF. Our findings
strongly suggest that decidual NK cells may directly derive from
CD34" cell precursors present in the decidua upon specific cellular
interactions with components of the decidual microenvironment.

natural killer cell development | natural killer receptor | immunity in
pregnancy

N atural killer (NK) cells are an important component of in-
nate immunity. Their best characterized functions are the
capability of killing virus-infected or tumor cells and releasing
proinflammatory cytokines and chemokines. Recently, their po-
ssible role in defense against other pathogens, including bacteria,
has been suggested (1-4). NK cell function is primarily regulated
by a number of activating and inhibitory receptors, some of
which recognize MHC class I molecules (5-8). Although the
prevalent role of NK cells is to defend the host against infections
and possibly tumors, recent studies have indicated that they may
also display different functional capabilities. For example, freshly
isolated peripheral blood NK cells, exposed in vitro to cytokines
such as IL-4 or IL-18, rapidly lose their capability of killing and
of releasing IFN-y and TNF-a. This may have profound con-
sequences not only on the quality and strength of innate immune
responses, but also on downstream adaptive immune responses
(9). These data suggest that the in vivo microenvironment may
influence NK cell function. In this context, in atopic patients, NK
cells were shown to display poor cytolytic activity and low IFN-y
production (10).

NK cells isolated from human decidua (dNK cells) during the
first trimester of pregnancy represent 50% to 70% of the total
lymphoid cells present in this tissue and display a unique functional
profile (11-15). Thus, they release IL-8 (also known as CXCLS),
VEGEF, stromal-derived factor-1 (also known as CXCL12), and
IFN-y—inducing protein 10 (also known as CXCL10)—cytokines
that play a major role in tissue remodeling and/or neoangiogenesis
(15-17). In addition, dNK cells are involved in the induction of
CD4™ regulatory T cells that are thought to play a major role in
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the inhibition of maternal immune response and in tolerance in-
duction (18-20).

A number of studies in vitro as well as in vivo [e.g., in hema-
topoietic stem cell transplantation (HSCT)] revealed that NK
cells originate from CD34*% hematopoietic precursors (21-27).
CD34% cells are present mainly in the bone marrow (BM), but
they can be isolated also from peripheral blood (PB) and cord
blood (CB). CD34" cells derived from these sources are routinely
used in HSCT because of their capability of reconstituting all
hematopoietic cell lineages (28-31). In addition, CD34* cells
have been identified and isolated from other tissues, including
thymus, lymph nodes (LNs), and tonsils (30, 32-38). Thymic
CD34" cells can give rise to dendritic cells and NK cells (32-35).
In LNs, CD34" cells were identified, together with other cell
precursors corresponding to different stages of NK cell matura-
tion. Remarkably, purified LN CD34™ cells could undergo in vitro
differentiation into NK cells, suggesting that LN NK cells could,
at least in part, derive directly from LN CD34™" cells (36-38).
Regarding dNK cells, little is known about their origin and de-
velopment, although they are generally thought to derive from PB
NK cells migrating to decidua or to develop from endometrial
immature NK cells (39).

In this study, we demonstrate that NK cell lineage-committed
CD34* cells are present in human decidua (i.e., dCD34™) and can
undergo in vitro differentiation into functional CD56°"CD16~
NK cells in the presence of suitable growth factors or even upon
coculture with decidual stromal cells (dSC) in the absence of
cytokines.

Results

Presence of CD34* NK-Committed Precursors in Human Decidua.
Mononuclear-enriched cell suspensions isolated from human
decidua were analyzed for the surface expression of CD34 an-
tigen. Cytofluorimetric analysis revealed that CD34% cells rep-
resent a sizable fraction of the cell samples analyzed. As CD34
antigen is expressed not only by hematopoietic precursors but
also by vascular endothelial cells (40), we further investigated
whether the cell suspension derived from decidual tissues con-
tained both cell types. To this end, we evaluated the expression
of the endothelial cell marker VEGF receptor 2 (VEGF-R2; also
called CD309; Fig. 14). CD34"VEGF-R2* cells were mainly
confined to cells characterized by the morphological parameters
of high forward scatter (FSC) and side scatter (SSC). Conversely,
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Fig. 1. Discovery of CD34" hematopoietic pre-
cursors in human decidua. (A) Analysis of enriched
mononuclear cells, isolated from decidua, for the
morphological parameters SSC and FSC. Cells char-
acterized by high or low SSC and FSC were gated
and analyzed for the expression of CD34 and VEGF-
R2 by immunofluorescence. Data refer to a repre-
sentative experiment among three performed. (B)
Comparative analysis of the percentages of CD34*

cells in mononuclear cell suspensions isolated from
decidua compared with CB and PB cells. Data are
expressed as mean percentage + SEM of five in-
dependent experiments. (C and D) Immunohisto-
chemical analysis of decidual tissues, including DB
and DP. (C) Staining of serial sections from the same

region with CD34- or CD45-specific mAbs, respec-

tively. The arrows indicate cells stained with both
mAbs. V indicates the dCD34*CD45™ vessels. (Mag-
nification: 60x.) (D) Staining of serial sections of
DB and DP with CD34- or CD56-specific mAbs. The
arrows indicate dCD34*CD56~ cells. V marks the

the presence of CD34*VEGF-R2™ hematopoietic precursors
was detected only among mononuclear cells displaying low FSC
and SSC parameters. The population of CD34* cells in the
lymphoid-gated cell fraction was relatively high and comparable
to that of CB (Fig. 1B). In view of this finding, we further per-
formed immunohistochemical analysis of samples derived from
decidua basalis (DB) and decidua parietalis (DP) to assess the
tissue location of CD34" cells. CD34-specific mAb intensively
stained endothelial cells of the vascular structures (Fig. 1C).
However, other CD34* cells were scattered in both decidual tis-
sues analyzed. Serial sections from the same region revealed the
coexpression of CD45 antigen by some of these cells, indicating
that they belong to the leukocyte lineage. As NK cells are the
predominant lymphoid population in human decidua, we also an-
alyzed their distribution in this tissue. Staining with CD56-specific
mAb showed numerous positive cells. All these cells did not ex-
press CD34 as revealed by serial sections (Fig. 1D).

By using flow cytometry, we further analyzed dCD34*VEGF-
R2™ cells in comparison with CB CD34* or PB CD34" cells for
a panel of informative surface markers (Fig. 2). In particular,
dCD34™ cells express neither CD133 nor CD117 (also known as c-
kit). In contrast, CB and PB CD34" cells express both these mol-
ecules. CD45RA displays a homogeneous dull expression in
dCD34" cells, whereas it is present in only a fraction of CB CD34*

CD34*CD56~ decidual vessels. (Magnification: 40x.)

cells. Remarkably, decidua cells displaying a bright surface ex-
pression of CD34 antigen express CD122, CD127, and membrane-
bound IL-15 (mIL-15), which are absent in CD34""€" cells isolated
from the other sources analyzed. As these receptors/markers are
typical of NK cell precursors in which they mediate the response to
IL-15, these data suggest that dCD34"™ " (i.e., VEGF-R2") cells
are committed to the NK cell lineage (38, 41, 42).

Expression of E4BP4 and ID2 by dCD34" Cells. Previous studies in
mice indicated that the transcription factors E4BP4 (also known
as NFIL3) and ID2 play an essential role in NK cell development
from BM-derived CD34" cells (43-47). In addition, the expres-
sion of ID2 has been documented in human NK cells differen-
tiating from CB CD34" cells (48). Recent data revealed that
E4BP4 is also present in human NK cell precursors (49). We
analyzed the mRNA levels of E4BP4 and ID2 in different human
lymphoid populations isolated from decidua, CB, and PB. NK
cells isolated from all sources display high levels of E4BP4
mRNA compared with T and B lymphocytes (Fig. 34). Notably,
the E4BP4 mRNA content in dCD34" cells is comparable to
that detectable in mature dNK cells. T cells express ID2, but not
E4BP4, mRNA, whereas B cells are virtually negative for ID2
and contain low levels of E4BP4 mRNA. Thus, also in human
lymphoid populations, E4ABP4 appears to be mostly confined to
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NK cells. dCD34% cells express much more E4BP4 (P = 0.004)
and ID2 mRNA (P = 0.0025) than CB CD34™ cells do (Fig. 3B).
These data further support the notion that dCD34% cells are
committed toward the NK cell lineage.

dCD34* Cells Differentiate into KIR* Mature NK Cells. As decidua
contains NK cells with a peculiar surface phenotype (CD56"" "
CD16 KIR*"") and dCD34™" cells express markers that suggest
their NK cell commitment, we asked the question of whether
dNK cells could originate from CD34™ cells present in the de-
cidua (11). To this end, we compared dCD34" and CB CD34*
cells for their ability to undergo in vitro differentiation toward NK
cells, in medium supplemented with stem cell factor, FMS-like

p£=0.004
T
e
W g0
$
] .
g 404 Fig. 3. Human dCD34* cells express E4BP4 and ID2
3 transcription factors. (A) Real-time PCR analysis of
g 2] p=0,04 E4BP4 and ID2 in lymphoid populations and CD34*
s cells isolated from decidua, CB cells, or PB cells. For
[ each group of cells, we calculated sample relative
e - x expression on the basis of the expression level
09'5" 00'5‘ 00'5" detected in NK cells, arbitrarily normalized to 1.
L 00 Qe Data were obtained from three independent
experiments. N.D., not determined. (B) Compara-
-~ % tive analysis of E4BP4 and ID2 expression levels in
a p=0.0025 CD34* cells isolated from decidua, CB cells, or PB
5 e cells. For each group of cells, we calculated sample
‘2 1 relative expression on the basis of the expression
g level detected in CB CD34* cells, arbitrarily normal-
3 ized to 1. Data were obtained from six independent
£ H experiments. In each of these six experiments, all
?g different samples were pool obtained from two dif-
> ferent donors. In all experiments (A and B), all sam-
o - = ples were run in triplicate and we normalized gene
ov? 0-5" og‘ expression levels to GAPDH mRNA and performed
PO relative quantification by AAC;y method. P values

& QQ were obtained by two tailed Mann-Whitney t test.

tyrosine kinase ligand, IL-7, IL-15, and IL-21 (referred to as cy-
tokine mix). After 15 d of culture, both dCD34* and CB CD34*
cells gave rise to cells coexpressing CD161 and CD56 (Fig. 44).
These cells were further analyzed for other informative surface
antigens. These included the myeloid marker CD33, the NK re-
ceptors NKp46, NKp44, 2B4 (CD244), NKG2A, and KIRs, and
the adhesion molecule LFA-1. Cells derived from dCD34* pre-
cursors were CD33™ and in large proportions NKp46*, NKp44+,
and 2B4*. Both NKG2A and LFA-1 displayed a bimodal distribu-
tion of fluorescence with a prevalence of positive cells. At this time
point, no KIR expression could be detected. At variance, a minority
of CB CD34*-derived CD161*CD56™ cells displayed a dull ex-
pression of CD33. The NKp46 activating receptor was present only
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Fig. 4. Human dCD34" cells undergo in vitro differentiation into mature NK cells in the presence of appropriate cytokines and express functional receptors.
Purified CD34* cells isolated from decidua or CB cells were cultured in the presence of cytokine mix and were analyzed at the indicated time intervals. (A)
Shows the proportion of cells stained for CD161 and CD56 after 15 d of culture. CD161*CD56* cells were gated and analyzed for the expression of the in-
dicated surface markers. (B) We performed similar analysis on the same samples at day 25 of culture. In this experiment the KIR detected was KIR2DL2/3.
Representative experiment among 10 experiments. (C) At day 15 of culture, NK cells derived from dCD34"* (gray bars) or CB CD34" (black bars) cells were
analyzed for NK receptor-mediated cytotoxicity in a redirected killing assay against the FcR*y P815 target cells. NKp46- or 2B4-specific mAbs were used. The
effector-to-target ratio (5/1) was calculated on the basis of the percentage of CD161*CD56* NK cells. Data are expressed as a mean percentage + SEM of

target cell lysis obtained in three independent experiments.

2404 | www.pnas.org/cgi/doi/10.1073/pnas.1016257108

Vacca et al.


www.pnas.org/cgi/doi/10.1073/pnas.1016257108

L T

/

1\

=y

on a fraction of cells and displayed a bimodal distribution of fluo-
rescence. Most cells were NKp44™ and 2B4™, whereas only a small
subset were NKG2A™* or LFA-1*; NKp30- and NKG2D-activating
receptors displayed a similar pattern of surface expression (Fig. S1).
In contrast, KIRs were not detectable. Taken together, these data
indicate that dCD34% cells, cultured in cytokine mix, differentiate
more rapidly than CB CD34™ cells toward NK cells. However, at
this time point (15 d of culture), the bimodal distribution of NKG2A
and the absence of KIRs revealed an immature stage of NK
cell differentiation (38). We analyzed the same dCD34*- and CB
CD34*-derived cells at a later time interval, i.e., at day 25 of culture
(Fig. 4B). At this time point, CD1617CD56" cells largely out-
numbered the negative cell fractions. Gated CD161*CD56™ cells,
derived both from dCD34* and CB CD34™ cells, expressed NKp46,
NKp44, 2B4, NKG2A, and LFA-1 on the majority of cells. Notably,
they did not express CD16, whereas only dCD34*-derived cells
displayed a sizable fraction of KIR™ cells. Taken together, these
data indicate that dCD34™ cells may undergo differentiation toward
CD16 KIR* dNK-like cells after a relatively short time interval
of culture.

We also investigated the functional capability of the surface
NK receptors expressed by NK cells derived from dCD34 % cells.
In particular, we analyze, at day 15 of culture, NKp46 and 2B4,
two receptors present in virtually all CD1617CD56* cells at this
time point. To this end, we performed comparative analysis of
the cytolytic activity induced by NKp46- or 2B4-specific mAbs in
dCD34%- or CB CD34*-derived NK cells by a redirected killing
assay (Fig. 4C). NKp46-specific mAb induced strong target cell
lysis, whereas 2B4-specific mAb did not. Moreover, 2B4-specific
mAD partially inhibited NKp46-induced cytolysis. Notably, the
inhibitory form of 2B4 is correlated with the lack of expression
of the cytoplasmic signaling lymphocyte activation molecule-
associated protein. This condition is typical of the early stages of
NK cell differentiation (from BM and CB precursors) but also of
mature dNK cells as previously described (13, 23, 24).

dSCs Induce Differentiation of dCD34" into NK Cells in the Absence of
Cytokines. Because the decidual microenvironment—the site
where differentiation of dCD34™ cells into NK lymphocytes would
occur—is rich in stromal cells (i.e., dSCs), we further investigated
whether dSCs could exert a promoting effect on differentiation.
To this end, we performed cocultures of dCD34* or CB CD34*
cells with dSCs for different time intervals in the absence of the
cytokine mix. Controls included CD34" cells cultured with the
cytokine mix. dCD34™ cells, cocultured with dSCs for 15 d, could
undergo differentiation into CD1617CD56™ cells, most of which
expressed NKp46, NKp44, 2B4, NKG2A, and LFA-1 (Fig. 54). In
contrast, CB CD34" cells, cultured under the same conditions
with dSCs, remained viable but did not acquire NK cell markers,
whereas they partially maintained CD34 and expressed CD33
antigen. These results indicate that the interaction of dCD34*
cells with dSCs is sufficient to induce dCD34™ differentiation into
NK cells. We obtained similar results in 10 independent experi-
ments, and the data were statistically significant (Fig. 5B). As
a unique functional property of freshly isolated dNK cells is the
production of high amounts of IL-8 (15), we investigated whether
dCD34%*-derived NK cells produced IL-8 (Fig. 6). dCD34*-
derived NK cells cultured in the presence of cytokine or cocultured
with dSC released high levels of IL-8 in their culture supernatants.
In addition, these developing NK cells released IL-22 (Fig. 6),
a cytokine associated with an immature stage of NK cell differ-
entiation, and express RAR-related orphan receptor C (RORC)
transcription factor (Fig. S2) (49, 50). Notably, in cultures sup-
plemented with cytokine mix, the amounts of IL-22 released in the
supernatants was lower, possibly reflecting a more advanced stage
of NK cell differentiation, as described earlier (Fig. 4).

We further analyzed whether dCD34* cells would retain the
capability of differentiating toward myeloid cells in the presence
of GM-CSF. As shown in Fig. S3, dCD34% cells failed to dif-
ferentiate into CD33YCD14™ cells, whereas CB CD34" cells
acquired both myeloid markers.
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Fig. 5. Human dCD34* cells differentiate into NK cells when cocultured
with dSCs. We cultured purified CD34" cells isolated from decidua or CB cells
together with adherent dSCs in the absence of exogenous cytokines. (A)
After 15 d, nonadherent cells were analyzed by flow cytometry for the ex-
pression of CD161 and CD56. CD161*CD56" cells derived from dCD34* cells
were further assessed for the indicated markers. We could not detect
CD161*CD56* cells in cells derived from CB CD34* precursors; thus, we an-
alyzed them for the expression of CD34 and CD33 markers. Representative
experiment among 10 experiments. (B) We cultured purified CD34* cells
isolated from decidua or CB cells with dSCs or cytokine mix. At day 15 of
culture, we analyzed cells for the expression of CD161 and CD56 markers.
Data refer to the mean percentage + SEM of CD161*CD56™ cells recovered in
10 independent experiments. P values were obtained by two-tailed Mann-
Whitney t test.

dSC-Induced Differentiation of dCD34* Cells into NK Cells Involves
miL-15. Given the dSC capability of inducing NK cell differentia-
tion from dCD34* cells, we investigated possible molecular inter-
actions involved in this process. As illustrated earlier, dCD34™" cells
express CD122 able to bind mIL-15. Thus, we analyzed whether
dSCs expressed mIL-15 and IL-15Ra chain (41, 42). Indeed,
staining with mIL-15, as well as with IL-15Ro—specific mAbs,
revealed that a fraction of dSCs expressed these molecules, sug-
gesting the possibility of an effective functional interaction between
dSCs and dCD34*CD122™ cells (Fig. 74). To explore this possi-
bility, dCD34" cells were cocultured for 8 d with dSCs in the
presence or absence of a neutralizing IL-15-specific mAb. We
could not detect CD161*CD56" NK cells in the presence of IL-
15-specific mAb (Fig. 7B).

Discussion

In this study we show that CD34% cells are present in human
decidua, where they represent a sizable fraction of mononuclear
cells. Their surface phenotype, together with the expression of
E4BP4 and ID2 transcription factors, suggested their commit-
ment toward the NK cell lineage. Indeed, they could undergo in
vitro differentiation toward mature NK cells not only in the
presence of suitable cytokines but also upon coculture with de-
cidua-derived stromal cells.

During the first trimester of pregnancy, NK cells represent the
majority of the total mononuclear cells in human decidua and
display unique phenotypic and functional properties (11-17). A
possible explanation is that dNK cells derive from PB NK cells
and acquire their unique features as the result of the particular
decidual microenvironment (including cytokines, hormones, and
cell-to-cell contacts). Another explanation is that they may de-
rive from precursors present in the decidua (notably, these
explanations do not exclude each other). Our present finding
would favor the second hypothesis: thus, CD34" precursors
would populate the human decidua, where they could represent
the main source of dNK cells. In agreement with this concept,
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and IL-22 (B). Supernatants obtained from dSCs cultured alone were used as
controls. Data are expressed as concentration of IL-8 or IL-22 + SEM (in pg/
mL) obtained in three independent experiments.

dCD34* cells freshly isolated from decidual tissues appear to be
committed toward the NK cell lineage, as they express the IL-15/
IL-2R common p chain (CD122), the IL-7Ra chain (CD127),
and mIL-15, whereas they lack CD133, a typical marker of stem
cells (38, 41, 42). The expression of high mRNA levels for E4BP4
and ID2 is in line with their NK cell commitment. In mice, these
transcription factors are associated with the NK cell lineage (43—
47). Analysis of human mononuclear cells derived from decidua,
CB, and PB shows that E4BP4 is selectively expressed by mature
NK cells. These data confirm a recent report (49) and provide
further evidence that E4BP4 is NK-specific. While our present
study was under review, an interesting report provided evidence
in mice that the transcription factor TOX plays a role in murine
NK cell differentiation (50). Experiments of in vitro NK cell
differentiation confirmed that dCD34" cells represent pre-
cursors of dNK cells. Thus, dCD34™ cells could differentiate into
NK cells after a relatively short culture interval, compared with
CB CD34* cells. In addition, similar to dNK cells, they acquire
KIRs, express a number of functional receptors, and produce
large amounts of IL-8 and IL-22 (11-15, 51). That dCD34* cells
are indeed committed toward NK cells is confirmed by the
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finding that they failed to differentiate into cells of myeloid
lineage in the presence of GM-CSF.

A relevant question was whether cells of the decidual microen-
vironment could also sustain NK cell differentiation from dCD34™*
cells in the absence of exogenous cytokines. dSCs represented
a possible candidate because they are a major component of the
decidual tissue and express mIL-15 and IL-15Ra, which may signal
dCD34™ cells via CD122 (41, 42). Indeed, coculture of dSC with
dCD34™ cells resulted in NK cell differentiation in the absence of
exogenous cytokines. This property appeared to be unique to
dCD34™" cells, as CB CD34" cells did not differentiate into NK
cells when cocultured with dSC alone. Therefore, the specific in-
teraction between (NK-committed) dCD34% cells and dSCs
appears to be sufficient to promote NK cell differentiation. Ex-
periments using IL-15-neutralizing mAb suggest that this cytokine
may play a role in the dSC-induced differentiation of dCD34™ cells
into mature NK cells. Our data support the notion that at least
a fraction of dNK cells might directly derive from CD34* cells
present in the decidua. They also suggest that both expression of
E4BP4 and NK commitment may be acquired in the decidua as
a result of their interaction with dSCs. It is conceivable that the IL-
15/IL-15R interaction occurring between dSC and dCD34™ cells
may induce the expression of E4BP4 mRNA in dCD34* cells. In
this context, studies in mice showed that E4ABP4 may act down-
stream of IL15-R during NK cell differentiation (46).

Recently, it has been proposed that dNK cells may derive from
immature endometrial NK cells upon sequential steps of dif-
ferentiation and exposure to IL-15 at the beginning of pregnancy
(39). In this context, it has been reported that the endometrial
tissue may contain CD34"CD45% HPCs (52). NK-committed
CD34% cells were also identified in human LNs, tonsils, and
intestinal lamina propria, although these precursors displayed
a different pattern of marker expression (36-38, 53). For ex-
ample, in LN they expressed the p7 integrin (36) that was absent
in dCD34" cells. The presence of NK-committed CD34* cells is
in agreement with our present findings and also suggests that NK
cells of certain peripheral districts may derive, at least in part,
from CD34™" precursors undergoing in situ differentiation.

In conclusion, dNK cells represent the major lymphoid pop-
ulation present in the decidua during the first trimester of preg-
nancy and play a functional role in inducing tissue remodeling and
neoangiogenesis (15-17). In addition, they contribute to the in-
duction of regulatory T cells that modulate the maternal physio-
logic immune response, thus preventing fetal rejection (18-20).
Our present evidence that CD34 % cells exist in the decidua, where
they undergo differentiation toward NK cells, offers important
clues for a better understanding of major physiological mechanisms
occurring in the early phases of pregnancy. It is possible to specu-
late that defective CD34™ cell migration to decidua and/or differ-
entiation into mature NK cells with peculiar functional capabilities
may have relevant consequences on successful pregnancy.

Materials and Methods

Isolation and Culture of CD34+ Cells and dSCs. We obtained decidua samples
at 9 to 12 wk of gestation from singleton pregnancies of mothers requesting
termination of the pregnancy for social reasons. We isolated decidual cell sus-
pensions as previously described (20). CB samples were provided by Liguria
Cord Blood Bank. We isolated CB and PB mononuclear cells as previously de-
scribed (3, 24). The relevant institutional review boards approved the study and
all patients gave their written informed consent according to the Declaration
of Helsinki. Detailed methods are included in S/ Materials and Methods.

mAbs and FACS Staining. Cells were preincubated with human IgG (Baxter).
We performed two-, three-, and four-color cytofluorimetric analysis on
a FACSCalibur device (BD Biosciences). Analyses were performed on PI-
negative or 7AAD-negative gated cells. We analyzed data by FlowJo soft-
ware. FACS sorting was performed on FACSAria (BD Biosciences). Post-sort
analysis showed more than 98% purity. The complete list of mAbs used in our
experiments is included in S/ Materials and Methods.

Immunohistochemical Analysis. Detailed methods are included in S/ Materials
and Methods.
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Cytolytic Assay. Detailed methods are included in S/ Materials and Methods.

Analysis of Cytokine Release. Detailed methods are included in S/ Materials
and Methods.

Real-Time RT-PCR Analysis. Primer sequences and detailed methods are in-
cluded in S/ Materials and Methods.

Statistical Analysis. We performed a two-tailed Mann-Whitney t test for all
statistical analyses; P values of 0.05 or lower were considered significant.
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