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ABSTRACT A diverse pattern of polymorphism is defined
for the paired Ig-like receptors (PIRs) that serve as activating
(PIR-A) and inhibitory (PIR-B) receptors on B lymphocytes,
dendritic cells, and myeloid-lineage cells in mice. The mono-
clonal anti-PIR antibody 10.4 is shown to recognize an allelic
PIR-AyPIR-B determinant on cells from BALByc but not
C57BLy6 mice. Other strains of inbred mice also can be typed
on the basis of their expression of this PIR allelic determinant.
Analysis of (BALByc 3 C57BLy6) F1 hybrid offspring indi-
cates that PIR molecules bearing the paternal PIR allotype are
expressed whereas PIR-A and PIR-B molecules bearing the
maternal allotype are not. The monoallelic expression of the
polymorphic PIR-A and PIR-B molecules, and possibly of their
human Ig-like transcriptyleukocyte Ig-like receptory
monocyte/macrophage Ig-like receptor and killer cell inhibi-
tory receptor relatives, may inf luence innate and specific
immune responses in outbred populations.

Paired Ig-like receptors (PIRs) A and B are recently identified
cell surface molecules with very similar extracellular regions
comprised of six Ig-like domains, D1–D6 (1, 2). The invariant
PIR-B molecules differ from the variable PIR-A molecules in
that PIR-B possesses cytoplasmic immunoreceptor tyrosine-
based inhibitory motifs that can recruit the protein tyrosine
phosphatase SHP-1 to inhibit signal transduction (3–6). Con-
versely, the closely related PIR-A molecules all have a short
cytoplasmic tail and a polar transmembrane region that facil-
itates association with homodimers of the Fc receptor common
g chain to form a cell activating receptor complex (7–9). The
PIR-A and PIR-B molecules are expressed on B lymphocytes,
dendritic cells, monocyteymacrophages, granulocytes, and
mast cells, where their expression is up-regulated during
cellular maturation (9). The physiological ligands of PIR-Ay
PIR-B are still unknown, although it seems likely these recep-
tors participate in the regulation of immune and inflammatory
responses (1).

A single Pirb gene encodes the invariant PIR-B molecules
whereas multiple Pira genes encode the different PIR-A
molecules (refs. 1 and 10; data not shown). The Pira and Pirb
genes belong to a subfamily of the Ig gene superfamily,
members of which encode activating or inhibitory receptors
(11, 12). This subfamily includes the human Ig-like transcripts
(ILT) (13) [also known as leukocyte Ig-like receptors (LIR)
(14), monocyteymacrophage Ig-like receptors (MIR) (15), and
HM18 (16)], the killer cell inhibitory receptors (KIR) (17), and
the Fc a receptor (18), the genes for which are located on
human chromosome 19q13 (13, 15, 16, 19–21) in a region that
is syntenic with the centromeric proximal region on mouse
chromosome 7, where the Pira and Pirb genes reside (1).

Two monoclonal antibodies, 6C1 and 10.4, have been gen-
erated that recognize PIR-A and PIR-B molecules (9). In this
study, we have observed that, although the 6C1 antibody
appears to have universal PIR specificity, the 10.4 anti-PIR
antibody recognizes a strain-specific allelic determinant on
PIR-A and PIR-B molecules. When this allelic determinant
was used to trace expression of the parental PIR-A and PIR-B
alleles in F1 hybrid mice, we found that PIR molecules encoded
by the paternal allele are expressed whereas PIR molecules for
the maternal allele are not. These findings extend the principle
of genomic imprinting to a multimember family of polymor-
phic receptors that may participate in innate and specific
immune responses.

MATERIALS AND METHODS

Mice. Young Adult AyJ, BALBycJ, C3H, C57BLy6,
DBAy1, DBAy2, NZB, SJL, [C57BLy6 (female) 3 BALBycJ
(male)] F1, and [BALBycJ (female) 3 C57BLy6 (male)] F1
mice either were obtained from The Jackson Laboratory or
were derived in our animal facility.

Antibodies. Rabbit anti-PIR D1yD2 polyclonal antibodies
were prepared, and the 10.4 and 6C1 anti-PIR D1y2 mono-
clonal antibodies were phycoerythrin-conjugated as described
(3, 9). FITC-conjugated monoclonal antibodies specific for the
B220 (RA3–6B2) and Mac-1 (CD11b, M1y70) antigens were
obtained from PharMingen. FITC-conjugated anti-IgMb

(MB86) and biotin-conjugated anti-IgMa (RS3.1) antibodies
were gifts from John F. Kearney (Univ. of Alabama at
Birmingham).

Immunofluorescence Analysis. Bone marrow and spleen
cell suspensions were stained with fluorochrome- labeled
antibodies as described (9) and were examined with a FACS
Calibur flow cytometry instrument (Becton Dickinson), and
the data were analyzed by using WINMDI 2.7 software [The
Scripps Research Institute Cytometry Software Page (http:yy
facs.scripps.eduysoftware.html)].

Reverse Transcriptase–PCR and Nucleotide Sequence
Analysis. To determine the nucleotide sequences of PIR
D1yD2 region transcripts, total RNA was isolated from spleen
or bone marrow samples by using the TRI Reagent (Molecular
Research Center, Cincinnati), converted to first-strand cDNA
with oligo(dT) 12–18 primers and RNase H2 reverse transcrip-
tase (Superscript II, GIBCOyBRL) and amplified with a set of
primers: the forward primer 59-TCCCTAAGCCTATCCTCA-
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GAG-39 corresponding to the 59 end of D1 and the reverse
primer 59-GAGCTCCAGGGATTCACTTG-39 correspond-
ing to the 39 end of D2. Each amplification reaction involved
30 cycles of denaturing at 94°C for 30 s, annealing at 58°C for
25 s, and extension at 72°C for 40 s. A final extension was
performed at 72°C for 8 min. The '590-bp products were
electrophoresed, were purified from agarose gels by using
Wizard PCR Prep (Promega) and were cloned into the
pCR2.1-TOPO vector (Invitrogen). For site-directed mu-
tagenesis of the PIR-B1 D1yD2 sequence, a similar amplifi-
cation was performed by using the above forward and reverse
primers in association with a mutated reverse primer, 59-
GTCACCTTAGTCCTCCTGGAGACCACAGA-39, and a
mutated forward primer, 59-TCTGTGGTCTCCAGGAG-
GACTAAGGTGAC-39, corresponding to nucleotide posi-
tions 40–69 of PIR D1. The mutated PCR products were used
to produce recombinant protein as described (9). For sequence
analysis of the entire PIR-B extracellular sequence (D1–D6) in
AyJ, C57BLy6, and SJL mice, this region was amplified from
first strand splenocyte cDNA with the primers: forward primer
59-AGATGCCATGTCCTGCACCT-39 corresponding to the
59 untranslated region and the reverse primer 59-TCCTTTC-
CTGGTTATGGGCTCTTC-39 corresponding to the begin-
ning of the PIR-B cytoplasmic region. Amplification reactions
were carried out by using 30 cycles of denaturing at 94°C for
1 min, annealing at 65°C for 1 min, extension at 72°C for 3 min,
and a final extension at 72°C for 8 min. The '2-kilobase
products were cloned into pCR2.1-TOPO. Sequence analysis
of the insert DNA was performed by simultaneous bi-
directional sequencing (Li-Cor, Lincoln, NE).

Preparation of Recombinant PIR Proteins and Enzyme-
Based Immunoassay. Recombinant PIR proteins correspond-
ing to mutated and nonmutated versions of the first two
amino-terminal extracellular domains (D1 and D2) were pro-
duced in Escherichia coli (9). Plastic microtiter plates (Costar)
coated with the PIR D1yD2 recombinant proteins (10 mgyml)
were incubated sequentially with varying concentrations of
purified 6C1 or 10.4 mAbs, alkaline-phosphatase labeled goat
anti-rat Ig antibodies (1 mgyml; Southern Biotechnology As-
sociates), and the p-nitrophenyl phosphate substrate. The
product of the enzyme reaction was measured by light absor-
bance at 405 nm by using a Titertek Multiskan Plus ELISA
reader (ICN).

Immunoblot Analysis of PIR Proteins. PIR proteins in
whole cell lysates of splenocytes were isolated with the 6C1
and 10.4 anti-PIR antibodies, were resolved on SDSyPAGE,
and then were transferred onto nitrocellulose membranes and
immunoblotted with rabbit anti-PIR antibodies as described
(9).

RESULTS

Alloreactivity of the 10.4 Anti-PIR Antibody. The 10.4 and
6C1 anti-PIR monoclonal antibodies were produced by het-
erohybridomas derived by fusion of a nonproducer mouse
plasmacytoma with lymph node cells from rats hyperimmu-
nized with a recombinant D1yD2 protein, in a region of
sequence identity between BALByc PIR-B and PIR-A1 mol-
ecules (1, 9). Variable patterns of reactivity were observed
when the two antibodies were used for immunofluorescence
assessment of cells from different strains of inbred mice.
Although both anti-PIR antibodies reacted with myeloid and
B lineage cells from BALByc mice, only the 6C1 antibody was
found to react with cells from C57BLy6 mice (Fig. 1). Because
human KIR and certain ILTyLIRyMIR relatives of the mouse
PIR molecules have been shown to have binding specificity for
different MHC class I alleles (14, 22–26), we examined the
expression of the 10.4 allotope in inbred strains of mice with
a variety of MHC haplotypes to determine whether expression
of the 10.4 determinant is related to the MHC haplotype. The

10.4 anti-PIR antibody was found to react with cells from
BALByc, AyJ, and SJL mice and not with the other inbred
strains (Table 1). The expression pattern of the 10.4 PIR allelic
determinant in this panel of inbred mice thus appeared to be
unrelated to the MHC haplotype. The 6C1 anti-PIR antibody
by contrast was reactive with the PIR-A and PIR-B molecules
in all mouse strains tested.

Analysis of PIR-A and PIR-B Polymorphism. As a first step
in examining the basis for the selective 10.4 reactivity with
different strains of mice, we determined the nucleotide se-
quences of the six extracellular Ig-like domains (D1–D6) for
PIR-B in the 10.41 AyJ and SJL strains, and the 10.42

C57BLy6 strain, then compared these extracellular sequences
with those determined previously for the BALByc (10.41) and
B10.A (10.42) mice (1, 2). This analysis confirmed the pres-
ence of an invariant PIR-B sequence in each strain. It also
indicated differences in the nucleotide sequences (96–99%
homology) for PIR-B between each of the inbred strains,
except for the B10.A and C57BLy6 sequences, which were
identical. Because the nucleotide variations noted between the
10.41 AyJ and SJL strains were silent, they shared an identical
amino acid sequence. The only differences in the PIR-B
extracellular regions among these 10.41 strains of mice
(BALByc, AyJ, SJL) were two amino acid residues in D3. The
nucleotide homology between the extracellular PIR-B se-
quences for 10.41 and 10.42 strains was '96%. With regard to
the possible location of the 10.4 D1yD2 allelic determinant,
several D1 sequence differences were evident between the
10.41 and 10.42 strains whereas, except for position 97, the
amino acid sequences for PIR-B D2 were virtually identical in
all strains.

We extended this analysis to PIR-A by sequencing the
D1yD2 region of seven PIR-A clones from the 10.42 strain,
C57BLy6. These sequences were slightly different from their
counterpart BALByc PIR-A sequences and, for both strains,
D2 exhibited greater sequence variation than D1 (Fig. 2B). The

FIG. 1. The 10.4 anti-PIR monoclonal antibody recognizes an
allelic determinant. Bone marrow granulocytes (GR-11yMac-11)
from BALByc or C57BLy6 mice were analyzed by flow cytometry
staining with either the 6C1 or 10.4 anti-PIR mAbs (shaded histogram)
or an isotype matched antibody (open histogram). The 6C1 anti-PIR
antibody reacted with cells of both strains (Left) whereas the 10.4
anti-PIR antibody only reacted with BALByc cells (Right).

Table 1. Strain distribution of the 10.4 PIR allelic determinant

10.4 anti-PIR reactivity* Inbred mouse strain MHC haplotype

Positive AyJ a
Positive BALByc d
Positive SJL s
Negative C3H k
Negative C57BLy6 b
Negative DBAy1 u
Negative DBAy2 d
Negative NZB d

*Tested by immunofluorescence assay.
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D2 variability in the different PIR-As was concentrated to
three regions of the sequences that were predicted to be on
loops between the b-sheets by comparative modeling [SWISS-
MODEL (http:yywww.expasy.chyswissmodySWISS-MOD-
EL.html)] based on the structure of a KIR relative (27).

This interstrain comparison of PIR-B (D1-D6) and PIR-A
(D1yD2) sequences thus revealed two types of diversity. The
first type was represented by allelic variations that were
concentrated in the Ig C2-like D1 domain. The second type of
diversity featured variable sequence motifs in the V-like D2
domain of PIR-A molecules, and these were conserved in
different inbred strains. For example, the extended PSYDR-
A-F-N-F-F-A motif was observed in PIR-A sequences of both
BALByc and C57BLy6 strains, as was the N-R-M-N-F motif
(Fig. 2B). A third extended motif, SQSY-R-Q-V-I-G, in the
BALByc PIR-A3 sequence was not seen among the limited
panel of C57BLy6 sequences. The predicted surface location
of these extended sequence motifs raises the possibility of their
potential role in ligand-binding specificity.

Analysis of the 10.4 Allelic Determinant. To refine the
definition of the allelic determinant recognized by the 10.4
alloreactive antibody, the 10.4 and 6C1 antibodies were tested
for their capacity to bind PIR D1yD2 recombinant proteins
corresponding to the PIR-A1, -A2, -A3, -A4, -A6, and PIR-B
molecules of BALByc origin. By contrast to the 6C1 antibody,
which reacted with all six recombinant proteins, the 10.4
antibody reacted with PIR-B, PIR-A1, and PIR-A3 and not
with other PIR-A recombinant proteins (Fig. 2 A). Compari-
son of the six BALByc D1yD2 amino acid sequences with

those deduced from the nucleotide sequences of nine
C57BLy6 cDNA clones indicated six amino acid differences:
W19, F25, L62, R68, P89, and D97 in the PIR-B and PIR-A1
sequences were replaced by R19, L25, F62, S68, L89, and H97
in most of the C57BLy6 D1yD2 sequences (Fig. 2B). Among
these variable residues, W19 was present only in the BALByc
PIR-B, PIR-A1, and PIR-A3 recombinant proteins that were
recognized by the 10.4 antibody. The W19 residue also was
found in PIR-B of the 10.41 AyJ and SJL strains and not in the
10.42 B10.A and C57BLy6 mice. This analysis implicated the
D1 tryptophan residue at position 19 as a potentially important
determinant of the allotope recognized by the 10.4 anti-PIR
antibody. In support of this possibility, the 10.4 reactivity was
reduced by '80% when the W19 residue was replaced with
arginine by site-directed mutagenesis (data not shown).

PIR Allelic Expression Pattern in F1 Hybrid Mice. An
unanticipated inheritance pattern of the 10.41 PIR allele was
observed when F1 hybrid mice derived by breeding 10.41

BALByc mice with the 10.42 C57BLy6 mice were examined
(Fig. 3). In [BALByc (male) 3 C57BLy6 (female)] F1 mice, the
PIR molecules on B cells and myeloid lineage cells expressed
the 10.4 BALByc determinant as expected (Fig. 3, bottom
row). In contrast, the 10.4 determinant was not found on bone
marrow cells from [C57BLy6 (male) 3 BALByc (female)] F1
mice, despite the fact that both parental IgM alleles were
expressed and PIR-AyPIR-B expression could be verified with
the 6C1 antibody (Fig. 3, third row). This pattern of monoal-
lelic PIR expression was seen in all F1 offspring. To examine
the possibility that the 10.4 reactive PIR molecules on cells in

FIG. 2. Analysis of 10.4 anti-PIR antibody reactivity with PIR D1yD2 recombinant proteins of BALByc origin. (A) Binding of the 6C1 and the
10.4 anti-PIR antibodies to recombinant proteins corresponding to the first and second Ig-like extracellular domains (D1 and D2) of PIR-B (F),
PIR-A1 (■), -A2 (e), -A3 (r), -A4 (h), and -A6 (E) was assessed by ELISA. (B) Amino acid sequence comparison of the D1 and D2 domains
of six different BALByc cDNA clones (PIR-B and -A1 to -A6) and nine different C57BLy6 clones (C57B2 to C57B15). The C57BLy6 sequences
lack the beginning of D1 and the end of D2 because of the position of the PCR primers. Amino acid identity with the PIR-B sequence (top line)
is indicated by dashes (–), and changes are indicated by boldface letters. The D1 Trp residue at position 19 is highlighted in gray to indicate its
importance in the likely determinant recognized by the 10.4 antibody.
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[C57BLy6 (male) 3 BALByc (female)] F1 mice could simply
be modulated by interaction with an unknown ligand, an
immunoblot analysis of PIR molecules in lysates of splenocytes
from the bi-directional (BALByC 3 C57BLy6) F1 hybrids and
both parent strains was performed by using the 6C1 and 10.4
anti-PIR antibodies. The PIR molecules produced by all of the
mice were precipitated by the 6C1 anti-PIR antibody, whereas
10.4-reactive PIR molecules were identified only in BALByc
and the [BALByc (male) 3 C57BLy6 (female]) F1 mice (Fig.
4). This analysis thus confirmed the exclusive production of
PIR-A and PIR-B molecules bearing the paternal allelic
marker.

DISCUSSION

The diverse PIR-A molecules pair with immunoreceptor ty-
rosine-based activation motif-containing Fc receptor common

g chain homodimers to achieve cell activating potential (7–9)
whereas the invariant PIR-B molecules can interact with the
SHP-1 protein tyrosine phosphatase to serve as an inhibitory
receptor (3–6). The inhibitory function of PIR-B is dominant
when both types of receptors are ligated (3). In elaborating the
polymorphic features of these receptors and demonstrating
their monoallelic expression, the present results provide in-
sight into the functional potential of PIR-A and PIR-B, and
possibly of their KIR and ILTyLIRyMIR relatives in humans
as well.

Pira and Pirb Polymorphism. Variations in the Pirb nucle-
otide sequences were found among representative inbred
strains of mice, the sequence homology of the PIR-B extra-
cellular region ranging from 96 to 100%. Comparison of PIR-B
extracellular sequences (D1–D6) determined for C57BLy6,
AyJ, and SJL mice with those previously reported for 129ysv,
BALByc, and B10.A mice (1, 2, 10, 28) indicated identity only
between the very closely related C57BLy6 and B10.A strains.
Pira polymorphism also was indicated by comparison of the
PIR-A D1yD2 sequences from BALByc and C57BLy6 mice
and by an analysis of the strain distribution for the PIR-Ay
PIR-B allelic determinant recognized by a monoclonal anti-
PIR antibody, 10.4, raised against a BALByc D1yD2 recom-
binant protein. PIR-A and PIR-B polymorphism was further
indicated by the strain specificity of monoclonal antibodies
raised against a D5yD6 recombinant protein (H.K., unpub-
lished data).

In addition to the allelic polymorphism observed for the
PIR-AyPIR-B receptor family, recurrent D2 motifs were rec-
ognized among the different PIR-A members. These motifs
consisted of linked amino acid variations. Most of the extended
D2 motifs were found among PIR-A sequences from both the
BALByc and C57BLy6 strains of mice. Computer-based mod-
eling of PIR D1yD2 proteins based on their KIR relatives
suggests that the variable amino acid sequences in the extended
motifs would be on adjacent loops between b-sheets. The
predicted surface location of the variable PIR-A motifs there-
fore could provide the potential for ligand binding diversity
among the different PIR-A and PIR-B molecules in an indi-
vidual.

An Allelic Determinant Shared by PIR-A and PIR-B Mol-
ecules. The allelic determinant recognized by the 10.4 anti-PIR
antibody was shared by the BALByc, AyJ, and SJL strains of
mice but not by C57BLy6 and other representative inbred
mice. The strain distribution pattern for the 10.4 allelic deter-
minant did not correlate with the MHC haplotypes of these
mice. Examination of 10.4 antibody reactivity with BALByc-
derived D1yD2 recombinant PIR proteins indicated that
PIR-B and some PIR-A molecules (PIR-A1 and -A3) con-
tained the allelic determinant whereas other BALByc PIR-A
members (PIR-A2, -A4, and -A6) did not. Comparison of the
D1yD2 amino acid sequences for the 10.41 and 10.42 BALByc
PIR molecules with the corresponding PIR-AyPIR-B se-
quences from 10.42 C57BLy6 mice suggested that a D1
tryptophan at position 19 would be an important residue in the
10.4 allelic determinant. Reactivity of the PIR-B D1yD2
recombinant protein with the 10.4 antibody was dramatically
reduced by conversion of this tryptophan to arginine, thereby
confirming its importance in the 10.4 allelic determinant
present on of PIR-A and PIR-B molecules in BALByc and
related strains of mice. Sharing of the 10.4 allelic determinant
by native PIR-A and PIR-B molecules produced by BALByc
mice was confirmed by their immunoprecipitation with the
10.4 antibody.

Monoallelic PIR-A and PIR-B Expression. The allospeci-
ficity of the 10.4 anti-PIR antibody allowed us to examine
expression of the parental alleles in F1 mice. In an analysis of
the offspring derived from cross-breeding of the 10.41

BALByc and 10.42 C57BLy6 mice, we observed exclusive
expression of the paternal PIR-A and PIR-B molecules. The

FIG. 3. Immunofluorescence analysis of the inheritance pattern of
the 10.4 PIR allotope expression. Bone marrow cells from C57BLy6,
BALByc, [C57BLy6 (male) 3 BALByc (female)] F1, and [BALByc
(male) 3 C57BLy6 (female)] F1 mice were stained with a combination
of either the 6C1 (Left) or the 10.4 (Middle) anti-PIR antibodies with
the anti-B220 antibody. Splenocytes were stained with anti-IgMa and
anti-IgMb antibodies (Right) to verify the genetic background of the
mice.

FIG. 4. Immunoblot analysis of the parental origin of PIR-A and
PIR-B molecules produced by F1 hybrids. Lysates of splenocytes from
C57BLy6, BALByc, [C57BLy6 (male) 3 BALByc (female)] F1, and
[BALByc (male) 3 C57BLy6 (female)] F1 mice were immunoprecipi-
tated with either the 6C1 or 10.4 anti-PIR antibodies. The immuno-
precipitates were resolved by SDSyPAGE and were blotted onto a
nitrocellulose membrane, and the PIR-A and PIR-B molecules were
revealed by blotting with polyclonal anti-PIR antibodies.

Immunology: Chen et al. Proc. Natl. Acad. Sci. USA 96 (1999) 6871



maternal PIR-A and PIR-B alleles were not expressed at any
stage in the differentiation of B-lineage and myeloid-lineage
cells. This analysis thus provides direct evidence for the
monoallelic expression of PIR-B and some of the PIR-A
molecules. The subset of BALByc PIR-A molecules for which
we currently lack an allelic marker are also likely to be
expressed in a monoallelic fashion. Monoallelic expression has
not been observed previously for cell surface receptors that
may be involved in inflammatory and immune responses.
However, the Pira and Pirb genes are located on mouse
chromosome 7 in a region near the centromere that includes
the paternally expressed gene 3 [Peg3 (29)], the human ho-
mologue of which, Pw1, is involved in the tumor necrosis
factor–NF-kB activation pathway leading to inflammatory
responses (30). Imprinted genes exist in clusters, and chromo-
some 7 contains 20 of the 34 known imprinted genes in the
mouse (31). The PIR gene family of '10 members significantly
extends the clustering of imprinted genes in the chromosome
7 centromeric region and implies that the imprinting mecha-
nism is likely to be complex.

Conclusion. In demonstrating an example of genomic im-
printing for the PIR-A and PIR-B family, these studies reveal
a previously unrecognized mode of monoallelic expression for
a diverse set of Ig-like receptors on cells responsible for both
specific and nonspecific immune responses. Unlike the Ig and
T cell receptors, in which there is allelic exclusion but the
choice of alleles is random, PIR-A and PIR-B molecules were
found to be expressed from only one parental allele, in this case
the paternal allele. The monoallelic expression of the PIR-Ay
PIR-B family of activating and inhibitory receptors, the inhib-
itory PIR-B member of which appears to be dominant, could
predispose hematopoietic cells to an increased susceptibility to
leukemogenesis because tumor development has been noted
after monoallelic mutations of other imprinted genes that
affect cell growth (31). Other potential physiological conse-
quences of the monoallelic expression of polymorphic PIR-A
and PIR-B molecules are less obvious, given the unknown
nature of their ligands. However, the ligands for their human
KIR relatives have been shown to be MHC class I alleles (12,
17). The nearest relatives of the murine PIR-AyPIR-B mole-
cules are the human ILTyLIRyMIR molecules, some of which
have been shown to recognize MHC class I alleles (22–26).
This raises the possibility that the PIR-AyPIR-B molecules
also may bind MHC class I molecules.

The genes encoding the KIR and ILTyLIRyMIR receptor
families reside on human chromosome 19q13, together with
the genomically imprinted Peg3yPw1 gene, in a region syntenic
with the mouse chromosome 7 region where the Pira, Pirb, and
Peg3 genes reside. Given that monoallelic expression has been
demonstrated for this cluster of mouse genes, as well as for the
human Peg3yPw1 gene, it seems reasonable to predict that the
ILTyLIRyMIR and KIR genes will be imprinted. If so, the
monoallelic expression of these receptors in outbred popula-
tions could influence maternal–fetal relationships and perhaps
other innate and specific immune responses. Elucidation of the
mechanism for the monoallelic expression of the PIR-Ay
PIR-B molecules therefore could also provide information
relevant to the physiological roles of their ILTyLIRyMIR and
KIR relatives.

We thank Le Hong Ho and Lanier Gartland for technical assistance,
Charlie Mashburn and Ann Brookshire for help in preparing the
manuscript, and Drs. Pierre-André Lazenave, Eric Vivier, Lorenzo
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