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NK _cells_ and some T cells express members of a |ntroduction

multigenic family of killer cell inhibitory receptors

(KIRs) including p70 KIR (KIR3DL) and p58 KIR NK cells and some T cells express members of a
(KIR2DL) family that recognize polymorphic class | multigenic family of killer cell inhibitory receptors (KIRS)
MHC molecules on target cells and transmit an that recognize polymorphic class | MHC molecules on
inhibitory signal to prevent killer cell-mediated  target cells (Lanier and Phillips, 1996; Lanétral, 1997;
cytoxicity. The cDNA sequences of p70 KIR family reviewed in Morett®t al, 1997). Both natural cytotoxicity
members reported so far suggest that the p70 KIR gene and antibody-dependent cell cytotoxicity of NK cells, as
consists of a multigene complex and that each gene may well as CD3/TCR-dependent cytotoxicity of T cells are
exhibit certain degrees of polymorphism. However, it is  inhibited by the co-engagement of KIRs and activating
not clear how diverse the repertoire of the p70 KIR  receptors such as FcR and TCR (Cambiaggal, 1996;
family is, particularly in a single individual. To address ~ Mingari et al, 1995; Phillipset al, 1995; Vitaleet al,

this question in more detail and to determine some 1995). KIRs are type | transmembrane glycoproteins
indication as to the origin of the diversity, we cloned belonging to the Ig superfamily and consist of either two
p70 KIR cDNAs from a single individual. We identified ~ (for p58 KIR and KIR103: KIR2D family) or three (for

nine new KIRs that are different from the previously P70 KIR: KIR3D family) extracellular Ig-related domains,
reported ones. A comparison of the amino acid a transmembrane part and a cytoplasmic tail (Colonna and

sequences with published sequences of p70 KIRs Samaridis, 1995; D'Andreet al, 1995; Selvakumaet al,
showed that two clones belonged to the KIR3DL1 1996; Wagtmanret al, 1995a). The extracellular domain
family, five clones belonged to the KIR3DL2 family, one  of KIR specifically recognizes particular class | MHC
clone belonged to the KIR2DL4 family, and one clone Mmolecules expressed on target cells (Etal, 1996; Kim
appeared to be an alternatively spliced form of p70 et al, 1997; Rojoet al, 1997, Wagtmanet al, 1995b).
KIR. These results suggested that the repertoire of p70 The cytoplasmic tail of KIR contains immunoreceptor
KIR family members in a single individual is highly tyrosine-based inhibition motifs (ITIMs) that function in
diverse. It is not clear how the diverse receptors are triggering an inhibitory signal transduction that, in turn,
generated in a single individual, but a comparison of prevents killer cell-mediated cytotoxicity (Binsteett al,
amino acid sequences of p70 KIR family members 1996; Burshtynet al, 1996; Campbelkt al, 1996; Fry
suggested that some of them may be encoded by distinct etal, 1996).

genes or their alleles, while others may be generated by Based on the structures of the extracellular domain and
a recombination mechanism and/or an alternative cytoplasmic tail, KIRs can be divided into 5 families, p70,

splicing mechanism at the maturation of the mRNA  p7QACYT, p58, KIR103, and p50, which can be further
transcripts. classified into 12 subfamilies according to the amino acid

sequence homology (Selvakunetral, 1997; Steffenst
Keywords: Alternative Splicing; NK Cells; p70 KIR; al., 1998). The p70 family comprises 2 subfamilies,

Polymorphism; Receptor Repertoire. KIR3DL1-2, which are inhibitory receptors with three
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extracellular I|g domains and two ITIMs in the cytoplasmic cDNA cloning of the extracellular domain of p70 KIRsThe
tail; the p7@CYT family comprises 1 subfamily, protein-coding region of the extracellular domain of p70 KIR
KIR3DS1, which is a noninhibitory receptor with three (@mino acid 1-297) was amplified by PCR usingid@f cDNA

extracellular Ig domains and a short cytoplasmic tail2nd Taq DNA polymerase with the "oligonucleotide primer
lacking any ITIM; the p58 family comprises 3 subfamilies, TTGTTGAATTCTAAGGAGGATATTAAAATGCAC-

. A . GTGGGTGGTCAGGACAA and 3oligonucleotide primer
KIR2DL1-3, which are inhibitory receptors With tWO rrrep ) AGCTTTAGTTTCCTGTGACAGAAACAAG. The
extracellular lg domains and two ITIMs in the cytoplasmic

. i . . oligonucleotide primers were designed to match polymorphic
tail; the KIR103 family comprises 1 subfamily, KIR2DL4, qsitions common to KIR3DLS, as determined from an alignment

which is an inhibitory receptor with two extracellular 19 of different KIR3DL sequences (Steffees al, 1998). The 5
domains and a single ITIM in the cytoplasmic tail; the pSOprimer encoded an N-terminal methionine and the first 7 amino
family comprises 5 subfamilies, KIR2DS1-5, which are acids of the protein. The stop codon TAA at codon 298 was
noninhibitory receptors with two extracellular Ilg domains included in theHindlll recognition sites of the '3primer. The
and a short cytoplasmic tail lacking any ITIM. The 12 amplified cDNAs were gel purified, digested wiicoRI/HindllI,
subfamilies of KIR are thought to be encoded by distinct2nd ligated into ar. coli expression vector pLM1 (Kiret al,
genes (Parham, 1997; Steffestsal, 1998), and the results 1996; Sodeokat al, 1993) that had been digested wHbCRI/
from genomic Southern blot and chromosome in situ/nd!ll and gel purified. The recombinant DNAs were
hybridization analyses also indicate the existence ofranSformed into theE. coli strain XL-1 blue, and clones

. containing the correct insert were identified by restriction digest
multiple KIR genes on human chromosome 19q13.4 (Suu?ollowed by agarose gel electrophoresis. The inserts were
et al, 1996; 1998).

) sequenced in both orientations by using the dideoxy chain
The cDNA sequences of KIR family members reportediermination technique with the Sequenase 2.0 Kit (United States

so far suggest that the KIR gene consists of a multigengiochemicals, Cleveland, OH) and by using an automated nucleic

complex and that each gene may exhibit certain degrees atid sequencer (ABI Prism, USA).

polymorphism (Parham, 1997; Steffeetsal, 1998). For

example, nine distinct KIR3DL1-like transcripts and five Southern blot analysis Southern blot analysis of the PCR

distinct KIR3DL2-like transcripts have been reported soProduct was performed using the ECLsystem (Amersham,

far (Steffenset al, 1998; Waset al, 1998), although the Little Chalfont, UK) following the manufacturer’s

relationship between these cDNAs remains unknown.recommenda'u_c>n:~",. Briefly, the amplified DNAs were analyzed by

Furthermore, it is not clear how diverse the repertoire ofeleCtrOphores'S In a 1.0% agarose gel and transferred to a

he 070 KIR familv i cularly | inale individual Hybond™-N* membrane (Amersham, Little Chalfont, UK).
the p amily is, particularly in a single individual. Prehybridization was performed for 1 h in prehybridization

To address this question in more detail and to determingyger. After hybridization with horse radish peroxidase-labeled
some indication as to the origin of the diversity, we cloned;70 KIR cDNA (NKB1) probe for 24 h at 42, the membrane
p70 KIR cDNAs from a single individual by taking was washed and exposed to X-ray film at room temperature.
advantage of PCR amplification. DNA sequencing analysis

of the clones revealed that the repertoire of p70 KIR familyAmino acid sequence analysis Amino acid sequences of p70

members in a single individual is highly diverse. It is notKIR family members were obtained from the GenBank and the
clear how the diverse receptors are produced in a singlgduences of the extracellular Ig domains were compared with
individual, but a comparison of amino acid sequences ofur New p70 KIR clones. When multiple identical sequences were

p70 KIR family members suggested that some of then@\vailable in the database, only one representative sequence was

may be encoded by distinct genes or their alleles, Wh”eselected and used for clarity in the sequence comparison.

others may be generated by a recombination mechanism at
the maturation of the mRNA transcripts.

Results
cDNA cloning of p70 KIRs from PBMCs It is
Materials and Methods important to determine how diverse the repertoire of the

Total RNA isolation and cDNA synthesis PBMCs were KIR famil)_/ IS particularly in a single individual. TO.
purified by Ficoll-Hypagque (Lymphoprep, Nyegaard, Olso address this issue, we cloned cDNA of the p70 KIR family

Norway) density gradient centrifugation from 10 ml of from a single |nd|v_|dual. The protein coding region of _the
heparinzed peripheral blood donated by a healthy volunteer. Tot&Xtracellular domain of p70 KIR (~900 bp) was amplified
RNA was isolated by using RNeasy kit (Qiagen, Santa Clarisby PCR using cDNA made from PBMCs as a template.
CA). The first strand cDNA of the total RNA was synthesized by Interestingly, we found that the PCR product appeared as
using 5pg of RNA, 0.1 OD U of random hexamer (Pharmacia, one major band (~900 bp) and one weak band (~600 bp)
Uppsala, Sweden) and 500 U of murine leukemia virus reversgn an agarose gel. The two bands were hybridized with the
transcriptase (Life Technologies, Gaithersbrug, MD) in a totalp7o KIR cDNA probe, indicating that the bands were
volume of 100ul. The reaction mixture was incubated for 1 h at yearived from p70 KIR genes (data not shown). The
42°C and used for PCR without further manipulation. amplified DNAs were subcloned into & coli expression
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vector, and clones containing the correct insert were 1 50
. i . . NKAT4 LMGGQDKPFLSARPSTVVPRGGHVALQCHYRRGFNNFMLYKEDRSHVPIF
identified by agarose gel electrophoresis. DNA sequencingro-1 0
analysis of the clones revealed that the 900 bp PCR70-6 Q
. . P70-21 Q
product results from the amplification of p70 KIRs (Figs. 1 p7o-23 )
and 3), while the 600 bp PCR results from theP70-25 Q
amplification of KIR103 (data not shown) 51 100
NKAT4 HGRIFQESFIMGPVTPAHAGTYRCRGSRPHSLTGWSAPSNPLVIMVTGNH
P70-1
1 50 P70-6
NKB1 HVGGQDKPFLSAWPSAVVPRGGHVTLRCHYRHRFNNFMLYKEDRIHVPIF  p70-21 A
P70-3 R P70-23 F
P70-22 P70-25
51 100 101 150
NKB1 HGRLFQESFNMSPVTTAHAGNYTCRGSHPHSPTGWSAPSNPVVIMVTGNH NKAT4 ~ RKPSLLAHPGPLLKSGETVILQCWSDVMFEHFFLHREGISEDPSRLVGQI
P70-3 P70-1 T H
P70-22 P70-6 T
P70-21 T R
101 150 P70-23 T
NKB1 RKPSLLAHPGPLVKSGERVILQCWSDIMFEHFFLHKEGISKDPSRLVGQI P70-25 - G---T-
P70-3
P70-22  ------ Go-eee-| R 151 200
NKAT4 HDGVSKANFSIGPLMPVLAGTYRCYGSVPHSPYQLSAPSDPLDIVITGLY
151 200 P70-1
NKB1 HDGVSKANFSIGPMMLALAGTYRCYGSVTHTPYQLSAPSDPLDIVVTGPY  p70-6
P70-3 P70-21
P70-22 N P70-23
P70-25 N
201 250
NKB1 EKPSLSAQPGPKVQAGESVTLSCSSRSSYDMYHLSRERGAHERRLPAVRK 201 250
P70-3 A NKAT4 EKPSLSAQPGPTVQAGENVTLSCSSWSSYDIYHLSREGEAHERRLRAVPK
P70-22 G P70-1
P70-6
251 297 P70-21
NKB1 VNRTFQADFPLGPATHGGTYRCFGSFRHSPYEWSDPSDPLLVSVTGN P70-23
P70-3 P70-25
P70-22 N

Fig. 1. Amino acid sequence alignment of the KIR3DL1 family NKAT4 2\5/ll\lRTFQADFPLGPATHGGT\?F?CFGSFRALPCVWSNSSDPLLVSVTGN
members identified in this study. Deduced amino acid sequencq%;g:tl3
of KIR3DL1 family members are aligned manually with p70-21
published sequences of NKB1 (D’Andrea al, 1995). Amino E70'23

. . . : 70-25
acid residues are numbered after the point of signal sequence

cleavage and indicated by single-letter codes. Amino acid identity:ig. 3. Amino acid sequence alignment of the KIR3DL2 family

is indicated by dashes. Sequences for the first 7 amino acids anfembers identified in this study. As in Fig. 2, deduced amino

the last 7 amino acids may be primed by primer sequences. cDNAcijd sequences of KIR3DL2 family members are aligned

sequences of p70-3 and p70-22 have been deposited in GenBagtanually with published sequences of NKAT4 (Colonna &

with the accession numbers AF208688 and AF208689,5amaridis, 1995). cDNA sequences of p70-1, p70-6, p70-21,

respectively. p70-23, and p70-25 have been deposited in GenBank with the
accession numbers AF208683, AF208684, AF208685, AF208686,
and AF208687, respectively.

a.aresidue 29414754107 114 120 140 145 150 180 219 238 270

KIR3DL1 VFKVLAKISRIHVRY

IMEL s - - -8 ---6- Twenty clones were sequenced and nine clones
iy S TeSe -G appeared to be independent (p70-1, -3, -6, -21, -22, -23,
JME4 ciic----PST--G - -24, -25, and -32), with sequence identities of 85-99%.
e TSl The amino acid sequences of the 9 newly identified p70
KIR3DL1v Cee e e - .-G - KIRs were different from the previously reported ones in
N Mot e the literature or in the sequence data bases. A comparison
P70-22 -----GR----N-GN of amino acid sequences with published sequences of p70

. . . . KIR showed that two clones were homologous to NKB1
Fig. 2. Amino acid sequence differences between KIR3DL1 9

family members and KIR3DL1 (NKB1) in the extracellular Ig (KIR3DL1 family, Fig. 1)’. 5 cIo_nes were homologous to
domains. Only amino acids with changes are shown, and all 0thé>I KAT4 (KIR3DL2 family; Fig. 3), One_ clone was
sequences are identical to KIR3DL1. The sequence diversity ofomologous to KIR103 (KIR2DL4 family; data not
each KIR3DL1 family member is scattered over the three IgShown), and one clone appeared to be an alternatively
domains. Amino acid sequences of KIR3DL1, KIR3DL1v and spliced form of p70 KIR (Fig.5). It turned out that the
NKAT3 were referred from Steffenst al. (1998), and those of sequence diversity of each p70 KIR clone was scattered
JME1-6 were referred from Wast al (1998). over the extracellular Ig domains.



Daeho Kwonet al. 57

Diversity of KIR3DL1 family members in a single  aaresidue 19 20 81 83 92107 111 122 124 137 145 180 207

individual In this study, we identified two different KIR3DL2 PRSTIAPQWERHA
cDNA clones (p70-3, and -22) of the KIR3DL1 family | R
from a Korean blood donor (Fig.1). The amino acid pyes il D .
sequences of both p70-3 and p70-22 are very homologousi7.ic AV H-P

to that of NKB1 (D’andreat al, 1995), a representative P70-1 Q -TH-----
member of the KIR3DL1 family, with sequence identity of F70-6 Qoo T oo
about 98-99% (Fig. 1), but they are distinct from that of:gi; : 8 FA ) I TR
NKAT4 (Colonna and Sammaridis, 1995), a representative;q_,s Q 6T - N

member of the KIR3DL2 family, with sequence identity of _ _ _

about 85%. Two amino acids (residue number 41 and 219)i9- 4. Amino acid sequence differences between KIR3DL2
are substituted in the extracellular Ig domains of p70_3’amlly members and KIR3DL2 (NKAT4) in the extracellular Ig
and five amino acids (residue number 107, 114, 180 23§omains. Only amino acids with changes are shown, and all other
and 270) are substituted in the extracellular Ig domains o equences are identical to KIR3DL2. Unlike the case of

. . IR3DL1 family members, most of the amino acid substitutions
p70-3. Nine cDNA sequences of NKB1 family membersoccurred in the first and second Ig domains. Amino acid

have been reported in the literature or in the sequence daggquences of KIR3DL2. NKAT4A. B. AMC5. and cl-17.1c were
bases (Steffenst al, 1998; Waset al, 1998), but the referred from Steffenst al (1998).

amino acid sequences of p70-3 and -22 are different from

the previously reported ones (Fig. 2). This suggests that thgh
repertoire of the KIR3DL1 family is highly diverse among

different individuals. However, these eleven KIR3DL1
family members are very similar and their variability is
limited to 17 positions in the extracellular g domains
(Fig. 2). The relationship between these cDNA sequence
of KIR3DL1 family members is unclear, but they seem to
represent allelic polymorphism of KIR3DLL1. If this is true,
p70-3 and p70-22 may represent two different allelic form
of NKB1 in a single individual.

ows 5 amino acid substitutions. The newly identified
KIR3DL2 family members in this study are different from
the previously reported ones (Fig. 4). These results suggest
that KIR3DL2 also displays a high degree of
olymorphism among different individuals. It will be
teresting to investigate the functional significance of the
polymorphism of the KIR3DL2 family.

SAlternative splicing forms of p70 KIR Alternative
splicing of the p70 KIR gene was previously suggested by
the cloning of a cDNA variant of NKB1 (NKB1B) which
lacks 17 amino acids in the stem region close to the
transmembrane domain (codon 299-315; D'Andzeal.,
1995). In addition to this clone, 2 alternatively spliced

. roducts of p70 KIR have been reported (D’hrigtgal.,
those of KIR3DL2 family members reported so far. ASHEQ%, Pendpeet al., 1996) NKAT%-delté Iglmiqs an
shown in Fig. 3, the amino acid sequences of these Cloneaﬁterr,\atively splic,ed product of NKAT3 and shows
are homologous to each other, with substitution of two toComplete deletion of the first Ig domain. 8.11c is an
Iﬁurt ar?”:\(l)K?_;_is’ %ndl these segu;nces a_(rje_ verlyggémlar t:’:ﬂternatively spliced product of an as yet unidentified full

at o ) (Colonna an amaridis, ). a length gene of the KIR3DL2 family. It has four distinct
representative member of the KIR3DL2 family. Comparedamino acid changes compared to NKAT4 and shows a
to the amino acid sequence of NKAT4, three amino acid

. ; ) i Heletion of 17 amino acids in the stem region (codon 297-
are substituted in the extracellular Ig domains of p70-1; twoﬂs)_ In this study, we also detected a truncated form of p70

amino acids are substituted in the p70-6; four amino acid§<IR (p70-24), which has a deletion of 29 amino acids in the
are substituted in the p70-21; three amino acids agil ’

Diversity of KIR3DL2 family members in a single
individual We also identified 5 cDNAs of the KIR3DL2
family (p70-1, -6, -21, -23, and -25) from a single individual

bstituted in the 070-23: and f . - unction between the second and third Ig domains (codon
sub Stl l: Z . ”:h e7|cc)) 25_ | 't an " olur alr]tlhno acids ar 83-211, Fig5). As shown in Fig. 5, p70-24 is distinct from
Substl'tute n the p d o t?] erfe_s Itn? Y ? de amino _Ie_lﬁ' other alternatively spliced forms. Our results more clearly
ilrjig?nl (L)jfI?r?(:sce)crfgrrw:ilo;nouseclgr?esvzg n%t ::)Ig]z?rmzlut tr:aegocument that the repertoire of p70 KIR is also diverse in
. ’ _ ize, probably due to the alternative splicing mechanism.
presence of multiple clones of the KIR3DL2 family P Y plcing

suggests that the repertoire of KIR3DL2 mRNA transcripts
is also diverse in a single individual.

Five different full-length genes of the KIR3DL2 family
have been reported so far (Steffestsal, 1998). The We describe here two novel cDNA clones of the KIR3DL1
members of KIR3DL2 vary with respect to their degree offamily and five novel cDNA clones of the KIR3DL2
polymorphism compared to NKAT4. NKAT4A, NKAT4B, family of NK receptors. Previously, nine KIR3DL1-like
and AMCS5 differ by 1 or 2 amino acids, while cl-17.1c transcripts and five KIR-3DL2-like transcripts were

Discussion
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NKB1 ! HVGGQDKPFLSAWPSSAOVVPRGGHVTLRCHYRHRFNNFMLYKEDRIHVPIF reported KIR3DL1 sequences, inC|Uding NKBl'
NKB1B KIR3DL1v and NKAT3. These nine KIR3DL1 transcripts
g'ﬁgfﬂ-D'@ll _L'\Kl/[ __________ S . are very similar and their variability is limited to only 19
P70-24 Re-Tereere-Ae-Q--RG S codon positions among 423 amino acids. These studies
51 100 demonstrated that the KIR3DL1 gene family encodes a
NKB1 HGRLFQESFNMSPVTTAHAGNYTCRGSHPHSPTGWSAPSNPwVIMvTGNHArge number of different transcripts. Based on the amino
Nﬁ?&im . ~ acid sequence variation patterns of the transcripts, they
8.11C g SN T T =S =S Y= SN proposed that four transcripts could be encoded by
L e different KIR3DL1 genes, while the others would be
101 150 generated by a recombination process. Similarly, five
NKB1 RKPSLLAHPGPLVKSGERVILQCWSDIMFEHFFLHKEGISKDPSRLVGQI different mRNA transcripts of the KIR3DL2 fam”y have
NKB1B .. . . .
NKAT3-Digl been reported, but the origin of the diversity remains
8.11C L unknown. However, our new KIR3DL2-like transcripts
P70-24 RD---E--sermem . . ; L .
provide evidence for the role of genetic recombination in
151 200 the generation of KIR3DL2 diversity, too.
NKB1 HDGVSKANFSIGPMMLALAGTYRCYGSVTHTPYQLSAPSDPLDIVVTGPY . . . .
NKB1B Genetic recombination as a mechanism for KIR
NKAT3-Digl diversification has been proposed based on KIR sequence
8.11C L-PV P-S |--L- . . .
P70-24 L-PV P-S- analysis (Valianteet al, 1997). A comparison of KIR
- 250 sequences reveals a “patch-work” pattern of variability in
NKB1 EKPSLSAQPGPKVQAGESVTLSCSSRSSYDMYHLSRERGAHERRLPAVRKWHICh most substitutions are found in more than one
NKB1B sequence (Valiantet al, 1997). This pattern is analogous
NKAT3-Digl G . .
LR Lo R— TeeeeeNoseeme-Wereelorooee GE-een-R--P- to that seen for highly polymorphic MHC genes (Parham
e e et al, 1995). Like the case of MHC genes, the evidence for
251 297 recombination as a mechanism for KIR diversification has
NKB1 VNRTFQADFPLGPATHGGTYRCFGSFRHSPYEWSDPSDPLLVSVTGN been demonstrated by discoveries of hybnd p58 KIR
NKB1B -
NKAT3-Digl sequences (Chwaat al, 1999; Shillinget al, 1998). The
2'713_34 ’AA"[_'S,/I,']: . hybrid clones, which exhibit different amino acid sequence

identity with two distinct kinds of KIR at the N-terminal
Fig. 5. Amino acid sequence alignment of the alternatively and C-terminal domains, respectively, define potential
spliced forms of p70 KIR family. Deduced amino acid sequencesvents of recombination during the evolution of KIR genes
of p70-24 is aligned manually with published sequences of NKBland/or at the maturation of KIR mRNA transcripts.

and three previously reported alternatively spliced forms of p70 |n addition to the 7 distinct KIR3DL family members, a
KIR. NKB1B (D'Andreaet al, 1995) and 8.11c (Pend# al,  {ryncated isoform of KIR3DLI (p70-24) was identified in
tlrgggzn'e"’r‘r‘:gr ;r?e 3?:;&‘;‘;’;0:2;263;?% rﬁgg’&‘;ﬁzez;‘; gl‘%his study. Previously, three alternative splicing forms of
for 8.11c), and NKAT3-delta 1g1 has complete deletion of thevcsrtl:Irl:(i?y;grliggmll\lliIg\i}I;B(}DI?Ag(.jlrigtagld T&giﬂ?? Ilgl%:)

first Ilg domain (Dohringet al, 1996). Amino acid identity is . .
indicated by dashes, and deleted amino acids are indicated l{)lli’endeet al, 1996), which are isoforms of NKB1 and an

asterisks. Amino acid sequences of NKB1B, NKAT3-delta Ig1 @S Yet unidentified full length gene, respectively, lack 17
and 8.11c are taken from GenBank (accession numbers U33328Mino acids in the stem region close to the transmembrane
L76664 and X93596, respectively). cDNA sequence of p70-24domain (codon 299-315 for NKB1B and 297-313 for
has been deposited in GenBank with the accession numbei®.11c). NKAT3-delta Igl is an alternatively spliced product
AF208690. of NKAT3 and shows complete deletion of the first Ig
domain (Doéhringet al, 1996). Interestingly, p70-24 has a
deletion of 29 amino acids in the junction between the
reported. Together with the previously reported KIR3DL second and third Iy domains (codon 183-211), suggesting
family members, these 11 KIR3DL1-like sequences and 1@nhat the repertoire of the KIR3DL family is also diverse in
KIR3DL2-like sequences constitute very closely relatedsize. Alternative splicing forms of the KIR2D family (p58
KIR families with a few amino acid substitutions. These and p50 KIR) are well documented (Chweteal, 1999;
results suggest that the repertoires of both the KIR3DLID6hringet al, 1996). We previously identified four groups
family and the KIR3DL2 family are highly diverse with of differently spliced forms of p58 KIRs in a single
extensive polymorphism within the genes, although theindividual (Chwaeet al, 1999). The first group of a
origin of the diversity remains unclear. differently spliced form lacks 1/4 of the first |g domain and
Recently, Waset al (1998) identified six new cDNA  3/4 of the second Ig domain. A differently spliced isoform
clones of KIR3DL1 family members and compared theof p58 KIR which belongs to this group, as well as other
deduced amino acid sequences with the previouslysoforms which lack either the first or second Ig domain,
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have also been reported by Dohrieg al (1996). The Abraham, R. T., and Leibson, P. J. (1996) Sequential
second group lacks half of the second Ig domain. The third nvolvement of Lck and SHP-1 with MHC-recognizing

) ; receptors on NK cells inhibits FcR-initiated tyrosine kinase
group lacks 1/12 of the first Ig domain and 1/4 of the activation.Immunity 5, 629-638.

second g dom_ain- The fourth group lacks 1_/4 of the firstgyrshtyn, D. N., Scharenberg, A. M., Wagtman, N., Rajagopalan,
lg domain. It is a very fascinating question how the S, Berrada, K., Vi, T., Kinet, J. P., and Long, E. O. (1996)
differently spliced isoforms of p58 KIRs could be Recruitment of tyrosine phosphatase HCP by the killer cell
generated, and the particular DNA sequences found in the inhibitory receptorimmunity4, 77-85.

Cambiaggi, A., Orengo, A. M., Meazza, R., Sforzini, S., Tazzari,
p58 KIR cDNAs gave a clue to the answer (Chwaal, P. L., Laura, F., Raspadori, D., Zambello, R., Semenzato, G.,

1999)- Remarkably, the splicing sites Of_the differently  moretta, L., and Ferrini, S. (1996) The natural killer-related
spliced isoforms of p58 KIRs were reminiscent of the receptor for HLA-C expressed on T cells from CD3
intron/exon splicing sites (Mount, 1982). Based on this lymphoproliferative disease of granular lymphocytes displays
observation, we proposed previously that some part of the gggg inhibitory or stimulatory functions3lood 87, 2369
exon cquld be spliced out by an alternative Spllc_mgCampbelll, K. S., Dessing, M., Lopez-Botet, M., Cella, M., and
mechanism because of the presence of these particular colonna, M. (1996) Tyrosine phosphorylation of a human
DNA sequences (potential splice donor and acceptor killer inhibitory receptor recruits protein tyrosine phosphatase
sequences). Interestingly, those splicing sequences are well 1C. J. Exp. Med 184, 93-100. _ o
conserved, not only in pS8 KIRs, but also in p70 KIRS. S0 F oo orne of ps Kiler ool Inniiry receptors i &
T_herefore, |§ seems reasonable to assume that the single individual Immunol. Lett68, 267—274.

differently spliced forms of t_he KIRCsTDL family may also colonna, M. and Samaridis, J. (1995) Cloning of
be generated by an alternative splicing of some part of the immunoglobulin-superfamily members associated with HLA-

exon that has the potential splice donor and acceptor C and HLA-B recognition by human natural killer cells.
sequences. Science268 405-408.
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