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ABSTRACT An Fca receptor probe of human origin was
used to identify novel members of the Ig gene superfamily in
mice. Paired Ig-like receptors, named PIR-A and PIR-B, are
predicted from sequence analysis of the cDNAs isolated from
a mouse splenic library. Both type I transmembrane proteins
possess similar ectodomains with six Ig-like loops, but have
different transmembrane and cytoplasmic regions. The pre-
dicted PIR-A protein has a short cytoplasmic tail and a
charged Arg residue in the transmembrane region that, by
analogy with the FcaR relative, suggests the potential for
association with an additional transmembrane protein to
form a signal transducing unit. In contrast, the PIR-B protein
has an uncharged transmembrane region and a long cyto-
plasmic tail containing four potential immunoreceptor ty-
rosine-based inhibitory motifs. These features are shared by
the related killer inhibitory receptors. PIR-A proteins appear
to be highly variable, in that predicted peptide sequences
differ for seven randomly selected PIR-A clones, whereas
PIR-B cDNA clones are invariant. Southern blot analysis with
PIR-B and PIR-A-specific probes suggests only one PIR-B gene
and multiple PIR-A genes. The PIR-A and PIR-B genes are
expressed in B lymphocytes and myeloid lineage cells, wherein
both are expressed simultaneously. The characteristics of the
highly-conserved PIR-A and PIR-B genes and their coordinate
cellular expression suggest a potential regulatory role in
humoral, inf lammatory, and allergic responses.

The Fc receptors (FcR) for antibodies of different isotypes are
widely distributed on cells of the immune system and may
couple humoral and cellular immunity by directing the inter-
action of antibodies with effector cells (1, 2). The immuno-
logical consequences of cell surface FcR binding of antigeny
antibody complexes vary according to the Ig isotype specificity
of the FcR and the cell type that expresses it. The different
types of FcR share related ligand-binding domains, but differ
in their transmembrane and intracellular domains, which
determine intracellular signaling. Interestingly, the FcRs share
with antigen receptors on T and B cells some of the same
receptor subunits, protein motifs, and signal transduction
pathways (1–4).
We and others have characterized an FcR for IgA antibodies

that is expressed on phagocytic white blood cells in humans
(5–7). A cDNA clone encoding the human FcaR a chain was
isolated from a macrophage-derived library (8, 9), and the
common FcR g chain has since been found to associate with
the FcaR a chain to form a signal-transducing receptor
complex (10, 11). When the human FcaR a chain cDNA probe
was used in the present studies to screen mouse genomic and
splenic cDNA libraries, a novel gene family was discovered.

This report describes some of the characteristics of this gene
family, the members of which constitute a set of paired
immunoglobulin-like receptor (PIR) genes, PIR-A and PIR-B.

MATERIALS AND METHODS

Preparation of Partial Genomic Clones as Probes. High
molecular weight BALByc splenic DNA was digested to
completion with EcoRI and fractionated by electrophoresis in
a 1.0% agarose gel. DNA corresponding to 3–4 kb was
extracted from the gel, ligated into the EcoRI site of a l ZAP
II vector (Stratagene), and packaged in vitro. The resultant
phage library ('73 105 plaque-forming unitymg of DNA) was
screened with a 32P-labeled human FcaR cDNA probe ('0.7
kb BglII fragment) that encodes the 59 untranslated region, the
signal peptide, and the extracellular domains (9). Seven pos-
itive clones with inserts of two different sizes ('3.3 and '3.6
kb) were identified among'73 104 clones, and the nucleotide
sequence analysis of representative clones (M3.1 and M10.1)
revealed that both inserts were closely related and contained
several putative exons (not shown). Exon-containing DNA
fragments ('130-bp EcoRIyBamHI fragment and '660-bp
PstIyEcoRI fragment) were excised from the 59 and 39 ends of
the M3.1 genomic clone, and these were used as probes to
screen mouse splenic cDNA libraries.
Isolation of PIR cDNA Clones. The cDNA libraries were

constructed in l ZAP II using poly(A)1 RNA isolated from
BALByc (.25 weeks old) spleen or peritoneal lavage and oligo
dT primers. The titers of the cDNA libraries were estimated as
'106 plaque-forming units per 1.5 mg of poly(A)1 RNA.
Duplicate lifts of phage plaques were screened with 59 and 39
mouse DNA probes, and clones hybridizing to both probes
were subjected to secondary and tertiary screening. The cDNA
inserts in positive clones were excised in vivo by helper
phage-mediated circularization into pBluescript II SK(1)
(Stratagene). Fourteen different cDNA clones were isolated:
B1–B5 ('2.7-kb insert); A1, A7, and A8 ('3.4 kb); A2 ('2.3
kb); A4 and A5 ('2.1 kb); A3 and A9 ('2.0 kb); and A6 ('1.9
kb).
Sequence Analysis. DNA sequencing was performed twice

or more for each clone either on separate strands or from
different primers on the same strand by the dideoxy chain
termination method using SEQUENASE 2.0 (United States Bio-
chemical) and double-stranded DNA as a template. Nucleo-
tide sequence homology searches and alignments were per-
formed using Basic Local Alignment Search Tool (BLAST)
programs (12) and the DNASTAR ALIGN program.
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DNA and RNA Blot Analyses. Isolation of genomic DNA
and total or poly(A)1 RNA, restriction enzyme digestions,
agarose gel electrophoresis, DNA and RNA blotting proce-
dures, preparation of random primed 32P-labeledDNAprobes,
and posthybridization washes were performed as described
(13–15). The following probes were used: (i) an'1.5-kbEcoRI
fragment of PIR-B1 cDNA as a common extracellular (EC)
probe, (ii) an '1.6-kb SacIyXhoI fragment of PIR-A1 cDNA
as a PIR-A-specific probe, and (iii) an '0.8-kb SacIyXhoI
fragment of PIR-B1 cDNA as a PIR-B-specific probe.
Reverse Transcription–Polymerase Chain Reaction (RT-

PCR). Total RNA from cell lines and sorted cells was con-
verted to first-strand cDNAwith oligo(dT)18 primers and avian
myeloblastosis virus reverse transcriptase (16) and amplified
with a common forward primer (59-CCTGTGGAGCTCA-
CAGTCTCAG-39) and the PIR-A-specific (59-CCCAGAGT-
GTAGAACATTGAAGATG-39) or PIR-B-specific (59-
GTGTTCAGTTGTTCCCTTGACATGA-39) reverse prim-
ers. These primers correspond to the 39 end of the sixth EC
domain of PIR-A and PIR-B, and to the cytoplasmic regions
of PIR-A or PIR-B, respectively, and yield fragments of 252 bp
for PIR-A and 470 bp for PIR-B. Each amplification reaction
underwent 30 cycles of: denaturation at 958C for 1 min,
annealing at 608C for 1 min, and extension at 728C for 1 min.
A final extension was performed at 728C for 7 min. Amplifi-
cation of actin transcripts with the primers (59-ATTGAA-
CATGGCATTGTTACC-39 and 59-GGCATACAGGGA-
CAGCACAGC-39) was also performed as a control. To ensure
linearity of the PCR amplifications, three different concen-
trations of the first-strand cDNA were used as templates for
each pair of primers. Amplified products were electrophoresed
in 2% agarose and stained with ethidium bromide.
Cell Preparation. Splenic cells were sorted as B2201 B cells,

Mac-11macrophages, andGr-11granulocytes byaFACStarPlus
instrument (Becton Dickinson) (17).
Chromosomal Mapping. Genomic DNA samples (10 mg

each) from The Jackson Laboratory interspecific backcross
DNA panel of 94 F2 segregants from the cross (C57BLy6JEi3
SPRETyEi)F1 3 SPRETyEi (18) were digested with BglI and
subjected to Southern blot analysis using a 32P-labeled PIR-A1
cDNA probe. The resulting allele distribution was compared
with those of 1,400 loci previously mapped in the cross, and the
map position was determined by minimizing double recombi-
nants.

RESULTS

Murine Relatives of the Human Fca Receptor Gene. In
experiments aimed toward cloning a murine homologue of the
human FcaR gene, we observed that the human FcaR probe
cross-hybridizes with mouse genomic DNA to yield EcoRI-
digested DNA fragments of'3.6 and'3.3 kb under relatively
high stringency conditions (13 SSC, 608C). When these DNA
fragments were cloned from a BALByc splenic DNA library,
nucleotide sequence analysis of the inserts indicated these
were closely related and appeared to contain multiple exons.
Exon-containing DNA fragments excised from these genomic
clones were used as probes to screen a BALByc splenic cDNA
library from which 13 cDNA clones with inserts of 2.0–3.4 kb
were isolated. The incidence of the hybridizing cDNA clones
was '1y10,000, suggesting moderate abundance of the tran-
scripts. An additional cDNA clone (A6) was isolated from a
mouse peritoneal cell library by cross-hybridization with the
human FcaR probe.
Paired Ig-Like Receptors, PIR-A and PIR-B, Are Predicted

by cDNA Sequence Analysis. The 14 cDNA clones could be
divided into two discrete groups on the basis of restriction
enzyme digestion profiles and 39 terminal nucleotide se-
quences. Prototypic full-length cDNA clones A1 and B1 were
'3.4 and '2.7 kb, respectively. Nucleotide sequences of the

two types of clones are available in GenBank (accession
numbers U96682–U96693), and the amino acid sequences are
shown in Fig. 1.
The PIR-A1 cDNA consists of a short (9 bp) 59 untranslated

region, a 2,040-bp open reading frame, a relatively long ('1.4
kb) 39 untranslated region containing four classical polyade-
nylylation signals and six RNA instability sequences (ATTTA;
ref. 19) and terminates in a poly(A) tail. A Kyte–Doolittle plot
analysis suggests that this cDNA encodes a type I transmem-
brane protein of 680 aa that begins with a 23-aa hydrophobic
signal peptide containing a consensus cleavage site (20) at the
junction with the predicted amino terminus of the mature
protein. The mature protein would thus start at Gly1, resulting
in a core peptide with an estimated Mr of 73,172. The 623-aa
extracellular region includes five potential sites for N-linked
glycosylation (Asn-Xaa-SeryThr, where Xaa is any amino acid
except Pro) and six Ig-like domains, the second of which is a
V set and the others being C2 sets (21–23). The extracellular
region is followed by a hydrophobic stretch of 18 aa (Leu624 to
Ala641) corresponding to a potential transmembrane region.
This region contains a charged Arg residue, thus suggesting the

FIG. 1. Sequence diversity among members of the activation-type
(PIR-A) receptors. Variable amino acid sequences (one-letter code)
deduced from the seven randomly picked, PIR activation-type cDNA
clones (A1 to A7) are aligned with the invariable peptide sequence of
the PIR inhibitory-type cDNA clone (B1). Amino acid identity is
indicated by dashes (–); a change, by boldface letters; and a deletion
introduced for optimal alignment, by slashes (y). A charged Arg
residue in the transmembrane region of PIR-A-type clones and the
ITIM-like motifs in the cytoplasmic tail of PIR-B clone are also in
boldface letters. Sequences are divided into each putative region: SP,
signal peptide; EC, extracellular domain; ECmp, membrane proximal
extracellular; TM, transmembrane; and CY, cytoplasmic regions. The
boundaries of EC1yEC2 to EC5yEC6 were established from the
analysis of genomic clones. Numbers in parentheses indicate the amino
acid (aa) length of each region.
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potential for noncovalent association with an additional trans-
membrane protein. The predicted short cytoplasmic tail of 16
aa lacks a cluster of basic residues immediately following the
hydrophobic transmembrane stretch and does not contain Tyr
residues.
The PIR-B1 cDNA consists of a 39-bp 59 untranslated

region, a 2,523-bp open reading frame, and a 139-bp 39
untranslated region containing a classical polyadenylylation
signal (AATAAA), and terminates in a poly(A) tail. This
cDNA encodes a type I transmembrane protein of 841 aa that,
compared with the A1-type molecule, includes an identical
signal peptide (23 aa) and an extracellular region (619 aa) with
.90% homology, but very different transmembrane (21 aa)
and cytoplasmic regions (178 aa). TheMr of the predicted core
protein is 90,636. There are six potential sites for N-linked
glycosylation in the extracellular domain. The putative trans-
membrane region (Ala620 to Leu640) is followed by several
positively charged residues characteristic of the start of a
cytoplasmic domain. The 178-aa cytoplasmic tail contains four
copies (residues 688–693, 717–722, 769–774, and 799–804) of
the sequence motif SeryGluyVal-Xaa-Tyr-Xaa-Xaa-ValyLeu,
similar to the immunoregulatory tyrosine-based inhibitory
motif (ITIM) recently identified in the cytoplasmic domains of
the FcgRIIB (24–26) and CD22 molecules on B cells (27, 28)
and the killer inhibitory receptors (KIR) on NK cells (29–32).
This suggests that the PIR-B1 cDNA encodes a receptor
molecule that may transduce an inhibitory signal via the
interaction of its cytoplasmic ITIM with inositol or protein
tyrosine phosphatases (33–36).
Diversity of the PIR-A cDNA Clones. To determine the basis

for the size heterogeneity observed for the PIR-A cDNA
clones, we extended the nucleotide sequence analysis to other
PIR-A members. One cause for heterogeneity was the alter-
native usage of polyadenylylation signals. The two largest
cDNA clones (A1, A7) utilized the most 39 polyadenylylation
signal, the A2 and A5 clones used the second 59 signal, and
three other clones (A3, A4, A6) used the most 59 signal. A
second basis for cDNA size heterogeneity was alternate splic-
ing of extracellular exons, such that the A5 and A6 clones lack
an exon encoding the third and fifth Ig-like domains, respec-
tively (see Fig. 1). In the A3 and A6 clones, the sequence
corresponding to the amino side of the membrane-proximal
extracellular region is missing, resulting in an amino acid
change (Pro to Ala) 11 residues before the transmembrane
region, where cleavage of the precursor and attachment of a
glycosyl phosphatidyl inositol anchor may occur (37). In con-
trast with the PIR-A cDNAs, neither alternate polyadenyly-
lation signals nor splice variants were observed among the five
PIR-B cDNA clones.
An interesting pattern of diversity was revealed by the

comparison of nucleotide and deduced peptide sequences
among the members of the two types of PIR cDNA clones. The
nucleotide sequences of the open reading frame were invariant
for the five PIR-B cDNA clones, whereas each of the seven
PIR-A cDNA clones was found to have a different sequence.
Our comparison of these differences, based on the invariant
PIR-B sequence because complete germline sequences for this
gene family are presently unavailable, indicates that the nu-
cleotide sequence variations are distributed throughout the
open reading frame, although they are more abundant in the
region of the first four extracellular domains than in other
regions. The frequency of overall nucleotide variations ranges
from 0.2% to 4.7%. Some of the nucleotide variants are silent
while others result in amino acid differences, which are dis-
persed throughout the extracellular region, but are more
frequent in the first four domains (Fig. 1). These modifications
are present both within and outside the loops of the Ig-like
domains, and nearly half are shared by one or more of the
seven cDNA clones. Although most changes occurring at the
same position in multiple clones involve a single amino acid,

changes involving several amino acids at the same position are
found more frequently within the loop of the second to fourth
Ig domains. The overall frequency of amino acid changes is
0.3–8.2%. The fact that, unlike the PIR-B cDNAs, identical
cDNA clones were not observed among the seven randomly
selected isolates implies a remarkable degree of diversity for
the PIR-A molecules.
Multiple PIR-A Genes and a Single PIR-B Gene. As a first

step in determining the extent of the genomic diversity of the
PIR gene family, genomic DNA from a BALByc mouse was
digested with different restriction enzymes and subjected to
Southern blot analysis. The three probes employed were
32P-labeled cDNA fragments corresponding to the common
extracellular region or to each type-specific transmembrane
and cytoplasmic region. Four to six discrete bands hybridizing
to the extracellular probe were observed for each enzyme
digestion, although the intensity of each band was highly
variable (Fig. 2). Hybridization obtained with the PIR-A-
specific probe encoding the membrane-proximal extracellular,
transmembrane, cytoplasmic, and 39 untranslated regions
yielded a similar pattern. In contrast, when the same DNA blot
was hybridized with the PIR-B-specific probe, only one or two
hybridizing bands were observed for each digestion. The DNA
blot analysis suggests the presence of multiple PIR-A genes but
only one PIR-B gene in the mouse genome.
Chromosomal Location of the PIR Genes. The PIR gene

family was mapped to the proximal end of mouse chromosome
7 (Fig. 3) in a region syntenic with the human chromosome
19q13 region where the FcaR gene is mapped (38). Interest-
ingly, the human KIR genes are also located on the same
chromosome (39–41).
Cell Lineage Restriction of PIR Gene Expression. Three

major PIR transcripts of '3.5, '2.7, and '2.5 kb were
detected in bone marrow and spleen, but not in other tissues
including the thymus, brain, kidneys, intestine, skin, heart, and
skeletal muscle, when RNA was analyzed by Northern blots
with a 32P-labeled common extracellular probe (Fig. 4A).
Weak signals were observed for adult liver and lung samples,
possibly reflecting transcripts in cells derived from the circu-
lation. The same PIR transcripts were expressed by B cell lines
(WEHI231, WEHI279) and myeloid cell lines (WEHI3,
DAGM), and not by pro-B (HAFTL-1), pre-B (18–81), plas-
macytoma (P3X, Ag8), T (CAK4.4, YAC1, SCID thymoma),
and fibroblast (LTK) cell lines in levels detectable by Northern

FIG. 2. Southern blot analysis of PIR gene family. DNA from
BALByc testis was analyzed with PIR probes corresponding to the
common extracellular (EC) region (Left) or to the PIR-B-specific
region (Right).
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blot analysis. These findings suggest that expression of the PIR
gene family is restricted to cells of B lineage and myeloid
lineages.
To determine whether the PIR-A and PIR-B genes are

simultaneously or differentially expressed by B cells and
myeloid cells, we conducted RT-PCR analysis using primer

pairs specific for each receptor type. The PCR products of both
PIR-B (470 bp) and PIR-A (252 bp) were identified in pro-B,
B, myeloid, and mast cell lines (Fig. 4B). A similar expression
pattern was observed for normal B2201 B cells, Mac-11

macrophages, and Gr-11 granulocytes (not shown). These
findings indicate that both the activating- and inhibitory-type
PIR genes are coordinately expressed by B, myeloid, and mast
cell lines.
Evolutionary Conservation of the PIR Gene Family. To

explore the potential conservation of this gene family, we
performed a zoo blot analysis employingEcoRI-digestedDNA
from human, monkey, cow, dog, mouse, rat, rabbit, chicken,
and yeast with a 32P-labeled cDNA fragment corresponding to
the extracellular region. All samples, except for the yeast DNA,
were found to cross-hybridize with the murine probe (not
shown). When the same mouse probe was used for Southern
blot analysis of human placental DNA digested with other
common restriction enzymes (BamHI, HindIII, PstI), 11 dis-
crete fragments were found to cross-hybridize with the mouse
probe, only one of which could hybridize with the human FcaR
probe (data not shown), suggesting that the human PIR
counterparts also comprise a multigene family.

DISCUSSION

Members of the PIR gene family described here encode two
types of transmembrane proteins, models of which are illus-
trated in Fig. 5. PIR-A and PIR-B share similar extracellular
domains while having distinctive transmembrane and cytoplas-
mic regions. Nucleotide sequence analysis of PIR cDNAs
suggests that the PIR proteins are cell surface receptors with
related ligand-binding specificity but that have different sig-
naling capabilities. PIR-A may have cellular activating poten-
tial, whereas PIR-B is likely to have inhibitory potential.
PIR Family Relationship with Other Ig Gene Superfamily

Members. A database search of available sequences indicated
that PIR-A and PIR-B represent a new gene family sharing
limited homology with other Ig gene superfamily members

FIG. 4. Tissue specificity and cell lineage restriction of PIR gene
expression. (A) RNA blot analysis. One microgram of poly(A)1 RNA
(spleen, liver) or 10 mg of total RNA from the indicated murine tissues
and cell lines was analyzed with 32P-labeled PIR (Upper) and tubulin
(Lower) probes. Similar transcripts were also observed in bone mar-
row. (B) RT-PCR analysis. Three different concentrations of first-
strand cDNA products were subjected to PCR amplification of PIR-A,
PIR-B, and actin transcripts (not shown). Amplified products electro-
phoresed in 2% agarose were stained with ethidium bromide. Similar
coexpression patterns were observed for macrophage cell lines.

FIG. 3. Chromosomal localization of the PIR gene family. Partial
chromosome 7 linkage map showing the location of Pir in relation to
linked genes. cM, centiMorgans.

FIG. 5. Model of PIR-A and PIR-B and their relationship with
other Ig gene superfamily members. (A) PIR-A and PIR-B cDNA
clones encode type I transmembrane proteins with similar extracel-
lular domains, but different transmembrane and cytoplasmic regions.
The extracellular region has six Ig-like domains, the second of which
is V-like and the others C2-like. There are five or six potential sites for
N-linked glycosylation (—F). The predicted PIR-A protein contains a
relatively short cytoplasmic tail and a charged arginine (R) residue in
the transmembrane region, whereas the PIR-B protein has a typical
nonpolar transmembrane region and a long cytoplasmic tail with four
potential tandem immunoreceptor tyrosine-based inhibitory motifs
(Y). (B) Schematic depiction of the regions of PIR-A and PIR-B that
share significant homology with other members of the Ig gene
superfamily, the human FcaR (8), bovine FcgR (42), human KIRs
(39–41), and mouse gp49 (43).
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(see Fig. 5). As would be expected, one PIR relative is the gene
for the human FcaR a chain that has two Ig-like domains in
its extracellular region. The homology with this FcaR gene is
restricted to portions of the Ig loops, interloop sequences, and
the transmembrane region, where the greatest degree of
homology ('50%) is seen with PIR-A. The positively charged
Arg residue common to the transmembrane regions of both
proteins is noteworthy because of its importance for FcaR a
chain association with the common FcR g chain, which con-
tains an immunoreceptor tyrosine-based activation motif
(ITAM), to form a signal-transducing unit (10, 11). The bovine
FcgR gene (42), another two-Ig-domain relative of PIR-A,
shares limited homology in the extracellular region and a
higher degree of homology in its transmembrane region
('60%) that includes the conserved Arg residue.
Human KIRs share homology with PIR-B in the extracel-

lular and transmembrane regions. The highest level of homol-
ogy was observed for the murine gp49B1, an inhibitory-type
receptor expressed by mast cells and NK cells that contains
consensus ITIMs in the cytoplasmic region (43–46). Receptors
with ITIMs, such as the KIR molecules on NK cells and the
FCgRIIBmolecules on B cells, deliver an inhibitor signal when
they are coligated with ITAM-bearing activation receptor
complexes like the B cell antigen receptor. The coligation of
the activating and inhibitory types of receptors facilitates the
ITIM interaction with inositol or protein tyrosine phospha-
tases, such as SHIP and SHP-1, thereby blocking elevation of
the intracellular calcium pool and effective cell signaling
(33–36).
Cellular Distribution of PIR-A and PIR-B. The expression

of PIR-A and PIR-B transcripts is restricted to cells of B and
myeloid lineages, including granulocytes, macrophages, and
mast cells. This expression pattern has been confirmed by the
reactivity profile of a monoclonal anti-PIR antibody directed
against an extracellular epitope shared by PIR-A and PIR-B
(unpublished observations). PIR cellular distribution thus
differs from its presently known relatives, in that KIR expres-
sion is restricted to NK cells and a subpopulation of T cells (47)
and FcaR expression is restricted to myeloid cells with phago-
cytic capability (5–7).
Another informative feature of PIR-A and PIR-B expres-

sion is the mutual expression of both types of transcripts in
every clonal cell line of B cell or myeloid cell lineage that has
been examined. PIR-A and PIR-B thus represent a matched
receptor pair, the characteristics of which suggest that they
exert a cellular regulatory role via opposing activation and
inhibition capabilities.
PIR-A Diversity. The KIRs display considerable variability,

both in their ligand specificities and clonal expression patterns
(47). In this context, one of the most striking features of the
PIR gene family is the remarkable diversity of the PIR-A
family members vis-à-vis the invariance of the PIR-B gene.
PIR-A diversity exists at multiple levels, the most structurally
consequential of which result from RNA processing events.
Alternate splicing can result in the deletion of entire Ig
domains, and the truncated protein products may have altered
interactions with intracellular chaperones or with other cell
surface proteins. Putatively glycosyl phosphatidyl inositol-
linked PIR proteins may function to fine-tune the signal
delivered by the transmembrane form of PIR-A. The use of
three alternate polyadenylylation sites has no structural con-
sequences but will likely affect mRNA stability because the
three forms contain varying copy numbers of the ATTTA
instability motif (19). The frequency, cellular distribution, and
expression levels of these alternatively spliced and polyadeny-
lylated transcripts may provide important functional clues.
The most intriguing aspect of the PIR-A family diversity lies

in the relatively subtle changes in amino acid sequences of the
different receptor isoforms. The full extent of this diversity is
still unknown, but statistical estimates based on our failure to

detect repeat sequences in seven randomly selected cDNAs
suggest a PIR-A gene copy number in the range of 33–500
(50–95% confidence). Southern blot analysis indicates the
existence of multiple PIR-A genes, and the nucleotide se-
quences of partial genomic clones supports this conclusion. If
each band on the DNA blot (see Fig. 2) corresponds to a single
gene, the number of PIR genes is quite limited. However, the
relatively high intensity of some hybridization bands could
reflect multiple PIR-A genes with conserved restriction en-
zyme sites, thereby leading to an underestimate of actual
PIR-A gene frequency. Precedence for such restriction site
conservation is seen in other Ig gene superfamilies such as the
variable region gene segments of Ig and the T cell receptor.
Ongoing studies will provide a more accurate estimate of the
germline complexity of the PIR-A gene family, address the
possibility that diversity is generated by somatic modification
of a relatively limited number of genes, and determine the
extent of intraclonal diversity of PIR-A expression in B cells
and myeloid cells.
Potential Ligands for PIR-A and PIR-B. Although the

nature of the PIR ligands is presently unknown, the consid-
erable PIR-A diversity may imply a corresponding diversity in
ligand structures. However, general conservation of ligand
structure is suggested by the monomorphic nature of PIR-B.
The PIR-B molecule shares .90% identity with the PIR-A
molecules in the extracellular region and thus may recognize
the same or related ligands. Major histocompatibility complex
(MHC) molecules could exhibit the requisite structural con-
servation and population diversity, since the different poly-
morphic forms of the MHC class I molecules are known to
serve as ligands for the KIR molecules on NK cells. Although
an obvious rationale for PIR–MHC interaction cannot readily
be deduced from the cellular expression pattern of the PIR
proteins, this possibility merits exploration. The immense
diversity of carbohydrate structures also makes these attractive
PIR-ligand candidates, either as glycoproteins on self-
components or complex carbohydrates on microbial patho-
gens. One could envision that pathological alterations in the
ligand would result in loss of recognition by PIR-B in the face
of continued recognition by the more versatile PIR-A. The
resultant imbalance could provoke a response by the B cells or
phagocytic myeloid cells, but suffice to say the nature of the
ligand changes and cellular responses remain intriguing puz-
zles for the present.
Conservation of the PIR Genes. It is likely that the coordi-

nate expression of activating and inhibitory receptors on NK
cells represents a highly conserved means for regulating the
activity of these important host defense elements since NK-like
cells have been characterized in birds (48), snails (49), and
earthworms (50), as well as in mammals. Presently, however,
the KIR molecules and their activation receptor partners have
been identified only in mammals. The observation that mouse
PIR cDNA probes cross-hybridize with DNA from both mam-
malian and avian species raises the possibility that the PIR
genes arose early in vertebrate evolution. Tracing the evolu-
tionary origin of the PIR gene family will indicate whether
these genes arose after the Ig and the T cell receptor genes or
before, when primitive macrophage-like cells constituted the
main line of defense against non-self-intrusion.

Note Added in Proof. Hayami et al. (51) have very recently reported
a cDNA clone derived from B10A mouse macrophages that has 98%
nucleotide sequence identity with the BALByc PIR-B cDNA.
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