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NK cells and some T cells express members of a 
multigenic family of killer cell inhibitory receptors 
(KlRs) including p70 KIR (KIR3DL) and pS8 KIR 
(KIR2DL) family that recognize polymorphic class I 
MHe molecules on target cells and transmit an 
inhibitory signal to prevent killer cell-mediated 
cytoxicity. The cDNA sequences of p70 KIR family 
members reported so far suggest that the p70 KIR gene 
consists of a multigene complex and that each gene may 
exhibit certain degrees of polymorphism. However, it is 
not clear how diverse the repertoire of the p70 KIR 
family is, particularly in a single individual. To address 
this question in more detail and to determine some 
indication as to the origin of the diversity, we cloned 
p70 KIR cDNAs from a single individual. We identified 
nine new KIRs that are different from the previously 
reported ones. A comparison of the amino acid 
sequences with published sequences of p70 KIRs 
showed that two clones belonged to the KIR3DLl 
family, five clones belonged to the KlR3DL2 family, one 
clone belonged to the KIR2DL4 family, and one clone 
appeared to be an alternatively spliced form of p70 
KIR. These results suggested that the repertoire of p70 
KIR family members in a single individual is highly 
diverse. It is not clear how the diverse receptors are 
generated in a single individual, but a comparison of 
amino acid sequences of p70 KIR family members 
suggested that some of them may be encoded by distinct 
genes or their alleles, while others may be generated by 
a recombination mechanism and/or an alternative 
splicing mechanism at the maturation of the mRNA 
transcripts. 
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Introduction 

NK cell s and so me T cell s express members of a 
multigenic family of killer cell inhibitory receptors (KIRs) 
that recognize polymorphic class I MHC molecules on 
target cells (Lanier and Phillips, 1996; Lanier et ai. , 1997; 
reviewed in Moretta et ai. , 1997). Both natural cytotoxicity 
and antibody-dependent cell cytotoxicity of NK cell s, as 
well as CD3lTCR-dependent cytotoxicity of T cells are 
inhibited by the co-engagement of KIRs and activating 
receptors such as FcR and TCR (Cambiaggi et ai., 1996; 
Mingari et ai. , 1995 ; Phillips et ai. , 1995; Vitale et ai., 
1995) . KIRs are type I transmembrane glycoproteins 
belonging to the Ig superfamily and consist of either two 
(for p5 8 KIR and KIR103: KIR2D family) or three (for 
p70 KIR: KIR3D fami ly) extracellular Ig-related domains, 
a transmembrane part and a cytoplasmic tail (Colonna and 
Samaridis, 1995; D' Andrea et ai. , 1995; Selvakumar et ai., 
1996; Wagtmann et ai. , 1995a). The extracellular domain 
of KIR specifically recognizes particul ar class I MHC 
molecules expressed on target cells (Fan et ai. , 1996; Kim 
et ai. , 1997; Rojo et ai. , 1997; Wagtmann et ai. , 1995b). 
The cytoplasmic tail of KIR contains immunoreceptor 
tyrosine-based inhibition motifs (ITIMs) that function in 
triggering an inhibitory signal transduction that, in turn, 
prevents ki ll er cell-mediated cytotoxicity (Binstadt et ai. , 
1996; Burshtyn et ai. , 1996; Campbell et ai. , 1996; Fry 
et ai., 1996). 

Based on the structures of the extracellular domain and 
cytoplasmic tail, KIRs can be divided into 5 families, p70, 
p70~CYT, p58, KIR103, and p50, which can be further 
classified in to 12 subfamilies according to the amino acid 
sequence homology (Selvakumar et ai. , 1997; Steffens et 
ai ., 1998) . The p70 fa mily comprises 2 subfa milies, 
KIR3DLl -2, which are inhibitory receptors with three 

Abbreviations: Ig, immunoglobulin ; ITIM, immune receptor 
ty rosine based inhib iti on moti f; KIR, kille r cell inhi bitory 
receptor. 
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extracellular Ig domains and two ITIMs in the cytoplasmic 
tail; the p70L\CYT family co mpri ses 1 subfa mily, 
KIR3DS1 , which is a noninhibitory receptor with three 
ex tracellular Ig domains and a short cytoplasmic tail 
lacking any ITIM; the p58 fa miJy comprises 3 subfamilies, 
KIR2DLl-3, which are inhibitory receptors with two 
extracellular Ig domains and two ITIMs in the cytoplasmic 
tail ; the KIR103 family comprises 1 subfa mily, KIR2DL4, 
which is an inhibitory receptor with two extracellular Ig 
domains and a single ITIM in the cytoplasmic tail ; the p50 
family comprises 5 subfamilies, KIR2DS 1-5, which are 
noninhibitory receptors with two extracellular Ig domains 
and a short cytoplasmic tail lacking any ITIM. The 12 
subfamilies of KIR are thought to be encoded by di stinct 
genes (Parham, 1997; Steffens et ai. , 1998), and the results 
from genomic Southern blot and chromosome in situ 
hybridization analyses also indicate the existence of 
multiple KIR genes on human chromosome 19q13.4 (Suto 
et al. , 1996; 1998). 

The cDNA sequences of KIR family members reported 
so far suggest that the KIR gene consists of a multigene 
complex and that each gene may exhibit certain degrees of 
polymorphism (Parham, 1997; Steffens et al., 1998). For 
example, nine distinct KIR3DLl-like transcripts and five 
distinct KIR3DL2-like transcripts have been reported so 
far (Steffens et ai. , 1998; Vyas et ai. , 1998), although the 
relationship between these cDNAs remains unknown . 
Furthermore, it is not clear how diverse the repertoire of 
the p70 KIR family is, particularly in a single individual. 
To address this question in more detail and to determine 
some indication as to the origin of the diversity, we cloned 
p70 KIR cDNAs from a single individual by taking 
advantage of PCR amplification. DNA sequencing analysis 
of the clones revealed that the repertoire of p70 KIR family 
members in a single individual is highly diverse. It is not 
clear how the diverse receptors are produced in a single 
individual, but a comparison of amino acid sequences of 
p70 KIR family members suggested that some of them 
may be encoded by distinct genes or their alleles, while 
others may be generated by a recombination mechanism at 
the maturation of the mRNA transcripts. 

Materials and Methods 

Total RNA isolation and cDNA synthesis PBMCs were 
purified by Ficoll-Hypaque (Lymphoprep, Nyegaard , Olso, 
Norway) den sity gradient centrifugation from 10 ml of 
heparinzed peripheral blood donated by a healthy volunteer. Total 
RNA was isolated by using RNeasy kit (Qiagen, Santa Claris, 
CA). The first strand cDNA of the total RNA was synthesized by 
using 5 f.lg of RNA, 0.1 OD U of random hexamer (Pharmacia, 
Uppsala, Sweden) and 500 U of murine leukemia virus 'reverse 
transcriptase (Life Technologies, Gaithersbrug, MD) in a total 
volume of 100 f.ll. The reaction mixture was incubated for 1 h at 
42°C and used for PCR without further manipulation. 

cDNA cloning of the extracellular domain of p70 KIRs The 
protein-coding region of the extracellular domain of p70 K1R 
(amino acid 1-297) was amplified by PCR using 10 f.ll of cDNA 
and Taq DNA polymerase with the 5' -oligonucleotide primer 
TTGTTGAATTCTAAGGAGGATATTAAAATGCAC
GTGGGTGGTCAGGACAA and 3' -oligo nucleotide primer 
GTTTCAAAGCTTTAGTTTCCTGTGACAGAAACAAG. The 
oli gonucleotide primers were designed to match polymorphic 
positions common to KIR3DLs, as determined from an alignment 
of different KIR3DL sequences (Steffens et aI. , 1998). The 5' 
primer encoded an N-terminal methionine and the first 7 amino 
acids of the protein. The stop codon TAA at codon 298 was 
included in the HindllI recognition sites of the 3' primer. The 
amplified cDNAs were gel purified, digested with EcoRIIHindIIl, 
and ligated into an E. coli expression vector pLMI (Kim et al., 
1996; Sodeoka et al., 1993) that had been digested with EcoRII 
HindU! and gel purified. The recombinant DNA s were 
transformed into the E. coli strain XL-I blue, and clones 
containing the correct insert were identified by restriction digest 
followed by agarose gel electrophoresis. The inserts were 
sequenced in both orientations by using the dideoxy chain 
termination technique with the Sequenase 2.0 Kit (United States 
Biochemicals, Cleveland, OH) and by using an automated nucleic 
acid sequencer (AB! Prism, USA). 

Southern blot analysis Southern blot analysis of the PCR 
product was performed using the ECL ™ system (Amersham, 
Little Chalfont , UK) following the manufacturer' s 
recommendations. Briefly, the amplified DNAs were analyzed by 
electrophoresis in a 1.0% agarose gel and transferred to a 
Hybond™-N+ membrane (Amersham, Little Chalfont, UK). 
Prehybridization was performed for I h in prehybridi zation 
buffer. After hybridization with horse radi sh peroxidase-labeled 
p70 KIR cDNA (NKB I) probe for 24 h at 42°C, the membrane 
was washed and exposed to X-ray film at room temperature. 

Amino acid sequence analysis Amino acid sequences of p70 
KIR family members were obtained from the GenBank and the 
sequences of the extracellular Ig domains were compared with 
our new p70 KIR clones. When multiple identical sequences were 
available in the database, on ly one representative sequence was 
selected and used for clarity in the sequence comparison. 

Results 

eDNA cloning of p70 KIRs from PBMCs It is 
important to determine how diverse the repertoire of the 
KIR fami ly is , particularly in a single individual. To 
address this issue, we cloned cDNA of the p70 KIR family 
from a single individual. The protein coding region of the 
extracellular domain of p70 KIR (-900 bp) was amplified 
by PCR using cDNA made from PBMCs as a template. 
Interestingly, we found that the PCR product appeared as 
one major band (-900 bp) and one weak band (-600 bp) 

on an agarose gel. The two bands were hybridized with the 
p70 KIR cDNA probe, indicating that the bands were 
derived from p70 KIR genes (data not shown). The 
amplified DNAs were subcloned into an E. coli expression 
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vecto r, and cl o nes contammg the correct insert we re 
identified by agarose gel e lectrophoresis. DNA sequencing 
analys is of the clones revealed that the 900 bp PCR 
product results from the amplification of p70 KIRs (Figs . I 
a nd 3), w hi le the 600 bp PCR res ults f ro m th e 
amplification of KIR103 (data not shown) 

50 
NKB1 HVGGQDKPFLSAWPSAVVPRGGHVTLRCHYRHRFNNFMLYKEDRIHVPIF 
P70-3 ------------------------ - ------- - - ----- - R- - - ------
P70-22 ----------------------------------- - - --- - - - -- - ----

51 100 
NKB1 HGRLFQESFNMSPVTTAHAGNYTCRGSHPHSPTGWSAPSNPVVIMVTGNH 
P70-3 ------------ - -------------------------------------
P70-22 ---------------- - ------------------------- - -- --- --

NKB1 
P70-3 

101 150 
RKPSLLAHPGPLVKSGERVILQCWSDIMFEHFFLHKEGISKDPSRLVGQI 

P70-22 ------G------R------------------------------------

151 200 
NKB1 HDGVSKANFSIGPMMLALAGTYRCYGSVTHTPYQLSAPSDPLDIVVTGPY 
P70-3 --- - --------- - -- - - - --- -- --- --- - -- - - - --------------
P70-22 -----------------------------N--------------------

201 250 
NKB1 EKPSLSAQPGPKVQAGESVTLSCSSRSSYDMYHLSRERGAHERRLPAVRK 
P70-3 ------------------A------------------------------
P70-22 --- - ----- - -- ----------------- -- - -----G- - - - -- -- ----

NKB1 
P70-3 

251 297 
VNRTFQADFPLGPATHGGTYRCFGSFRHSPYEWSDPSDPLLVSVTGN 

P70-22 -------------------N-------------- - -------- - ---

Fig. 1. Amino acid sequence alignment of the KlR3DLl family 
members identi fied in this study. Deduced amino acid sequences 
of KIR3DLI fa mil y members are a li gned manuall y with 
publi shed sequences of NKB l (D'Andrea et ai. , 1995) . Amino 
acid residues are numbered after the point of signal sequence 
cleavage and indicated by single-letter codes. Amino acid identity 
is indicated by dashes. Sequences for the first 7 amino acids and 
the last 7 amino acids may be primed by primer sequences . cON A 
sequences of p70-3 and p70-22 have been deposited in GenBank 
with the access ion numbers AF208688 and AF208689 , 
respecti vely. 

a .a residue 2 9 41 47 54 107 114 120 140 145 150 180 219 238 270 
KIR3DL1 V F K V L A K S R H V R Y 
JME1 S G 
JME2 - S - - T S G 
JME3 
JME4 P S T G 
JME5 - - - - S G 
JME6 - - - - G 
KIR3DL1v G 
NKAT3 M - - I I - G 
P70-3 R - A 

P70-22 - G R N G N 

Fig. 2. Amino acid sequence differences between KIR3DL 1 
family members and KlR3DLl (NKB 1) in the extracellular Ig 
domains. Only amino acids with changes are shown, and all other 
sequences are identical to KIR3DLI. The sequence di versity of 
each KlR3DL 1 fami ly member is scattered over the three Ig 
domains. Amino acid sequences of KlR3DLl , KlR3DLl v and 
NKAT3 were referred from Steffens et ai. (1998), and those of 
lME L-6 were referred from Vyas el at. (1998). 

1 50 
NKAT4 LMGGQDKPFLSARPSTVVPRGGHVALQCHYRRGFNNFMLYKEDRSHVPIF 
P70-1 - --- - --------------Q----------- - - - -- - - - - --------- -
P70-6 ----- -- ---------- - -Q-------- - ------- - - -- ----------
P70-21 -------------- --- - -Q----------------------- - ---- --
P70 - 23 ------------------ - Q- - - -- - - -- - - ------- -- ----------
P70-25 -------- --- -- - -----Q------------------------------

51 100 
NKAT4 HGRIFQESFIMGPVTPAF~GTYRCRGSRPHSLTGWSAPSNPLVIMVTGNH 

P70-1 ----------------- - -- - -- ---- - -- - - ------------------
P70-6 
P70-21 ----------------------------- ---A-----------------
P70-23 ------------------- - ----------F------- - -- ---- -- ---
P70-25 ----------------------------- - ------------- -------

NKAT4 
P70-1 
P70 - 6 

101 150 
RKPSLLAHPGPLLKSGETVILQCWSDVMFEHFFLHREGISEDPSRLVGQI 
-------- --T---- -- - ---H---- --- - ---- -- -- -- - ---------
-- --------T------------------- --------------------

P70-21 ----------T------- -- ---R---- --- - - ----- - - --- -------
P70 - 23 - - ---- ----T- -- - - - - - - ---------- - --- - ---- -- - -- - ---- -
P70-25 ------G---T---------------------------------------

NKAT4 
P70-1 
P70-6 
P70-21 
P70 - 23 
P70-25 

NKAT4 
P70-1 
P70-6 
P70-21 
P70-23 
P70-25 

NKAT4 
P70-1 
P70-6 
P70-21 
P70-23 
P70-25 

151 200 
HDGVSKANFSIGPLMPVLAGTYRCYGSVPHSPYQLSAPSDPLDIVITGLY 

------------------- -- --------N- -------------------

201 250 
EKPSLSAQPGPTVQAGENVTLSCSSWSSYDIYHLSREGEAHERRLRAVPK 

251 297 
VNRTFQADFPLGPATHGGTYRCFGSFRALPCVWSNSSDPLLVSVTGN 

Fig. 3. Amino acid sequence alignment of the KlR3DL2 family 
members identified in thi s study. As in Fig. 2, deduced amino 
ac id sequences of KIR3DL2 family members are aligned 
manually with publi shed sequences of NKAT4 (Colonna & 
Samari dis, 1995). cON A sequences of p70- 1, p70-6, p70-21, 
p70-23 , and p70-25 have been deposited in GenBank with the 
accession numbers AF208683, AF208684, AF208685, AF208686, 
and AF208687, respecti vely. 

Twenty c lon es we re sequ e nced a nd nin e clo nes 
appeared to be independent (p70-1 , -3, -6, -2 1, -22, -23, 
-24 , -25, and -32), with sequence identities of 85-99%. 
The amino acid sequences of the 9 newly identified p70 
KlRs were different from the previously reported ones in 
the literatu re or in the sequence data bases. A comparison 
of amino acid sequences with published sequences of p70 
KIR showed that two clones were homologous to NKB 1 
(KIR3DLl family; Fig. 1), 5 clones were homologous to 
NKAT4 (KIR 3DL2 fa mily; Fig. 3), o ne c lo ne w as 

homologous to KIR103 (KIR2DL4 fa mi ly ; data not 
shown), and one clo ne appeared to be an alternati vely 
spliced form of p70 KlR (Fig. 5). It turned out that tbe 
sequence diversity of each p70 KIR clone was scattered 
over the extracellular Ig domains. 



Daeho Kwon et al. 57 

Diversity of KIR3DLl family members in a single 
individual In this study, we identified two different 
cDNA clones (p70-3, and -22) of the KIR3DLl family 
from a Korean blood donor (Fig. 1). The amino acid 
sequences of both p70-3 and p70-22 are very homologous 
to that of NKBI (D'andrea et ai., 1995), a representative 
member of the KIR3DLl family, with sequence identity of 
about 98-99% (Fig. 1), but they are distinct from that of 
NKAT4 (Colonna and Sammaridis, 1995), a representative 
member of the KIR3DL2 family, with sequence identity of 
about 85%. Two amino acids (residue number 41 and 219) 
are substituted in the extracellular Ig domains of p70-3, 
and five amino acids (residue number 107, 114, 180, 238 
and 270) are substituted in the extracellular Ig domains of 
p70-3. Nine cDNA sequences of NKBI family members 
have been reported in the literature or in the sequence data 
bases (Steffens et ai., 1998; Vyas et ai ., 1998), but the 
amino acid sequences of p70-3 and -22 are different from 
the previously reported ones (Fig. 2). This suggests that the 
repertoire of the KIR3DLl family is highly diverse among 
different individuals. However, these eleven KIR3DLl 
family members are very similar and their variability is 
limited to 17 positions in the extracellular Ig domains 
(Fig. 2). The relationship between these cDNA sequences 
of KIR3DLl family members is unclear, but they seem to 
represent allelic polymorphism of KIR3DLl . If this is true, 
p70-3 and p70-22 may represent two different allelic forms 
of NKB 1 in a single individual. 

Diversity of KlR3DL2 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 
(Fig. 3) whose amino acid sequences were distinct from 
those of KIR3DL2 family members reported so far. As 
shown in Fig. 3, the amino acid sequences of these clones 
are homologous to each other, with substitution of two to 
four amino acids, and these sequences are very similar to 
that of NKAT4 (Colonna and Samaridis , 1995) , a 
representative member of the KIR3DL2 family. Compared 
to the amino acid sequence of NKAT4, three amino acids 
are substituted in the extracellular Ig domains of p70-1; two 
amino acids are substituted in the p70-6; four amino acids 
are substituted in the p70-21; three amino acids are 
substituted in the p70-23; and four amino acids are 
substituted in the p70-25 . Interestingly, all the amino acid 
substitutions occurred in the first two Ig domains. The 
origin of these homologous clones is not clear, but the 
presence of multiple clones of the KIR3DL2 family 
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 (Steffens et al., 1998). The 
members of KIR3DL2 vary with respect to their degree of 
polymorphism compared to NKAT4. NKAT4A, NKAT4B , 
and AMC5 differ by 1 or 2 amino acids, while cl-17 .lc 

a .a residue 19 20 81 83 92 107 111 122 124 137 145 180 207 

KIR3DL2 P R S T I A P Q w E R H A 

NKAT4A V -

NKAT4B V - H 

AMC5 L - D 

cl-17 . 1C A V - H P 

P70-1 Q T H 

P70-6 Q T 

P70-21 Q A T R 

P70-23 Q F - T 

P70-25 Q G T N 

Fig. 4. Amino acid sequence differences between KIR3DL2 
family members and KIR3DL2 (NKAT4) in the extracellular Ig 
domains. Only amino acids with changes are shown, and all other 
sequ ences are identical to KIR3DL2. Unlike the case of 
KIR3DLl family members, most of the amino acid substitutions 
occurred in the first and second Ig domains. Amino acid 
sequences of KIR3DL2, NKAT4A, B, AMe5 , and c1-17.1c were 
referred from Steffens et al. (1998). 

shows 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 
polymorphism among different individuals. It will be 
interesting to investigate the functional significance of the 
polymorphism of the KIR3DL2 family. 

Alternative splicing forms of p70 KIR Alternative 
splicing of the p70 KIR gene was previously suggested by 
the cloning of a cDNA variant of NKB 1 (NKB IB) which 
lacks 17 amino acids in the stem region close to the 
transmembrane domain (codon 299-315; D'Andrea et al., 
1995). In addition to this clone, 2 alternatively spliced 
products of p70 KIR have been reported (D'hring et aI., 
1996; Pende et ai., 1996). NKAT3-delta Igl is an 
alternatively spliced product of NKAT3 and shows 
complete deletion of the first Ig domain. 8.l1c is an 
alternatively spliced product of an as yet unidentified full 
length gene of the KIR3DL2 family. It has four di stinct 
amino acid changes compared to NKAT4 and shows a 
deletion of 17 amino acids in the stem region (codon 297-
313). In this study, we also detected a truncated form of p70 
KIR (p70-24), which has a deletion of29 amino acids in the 
junction between the second and third Ig domains (codon 
183-211 , Fig. 5). As shown in Fig. 5, p70-24 is di stinct from 
other alternatively spliced forms. Our results more clearly 
document that the repertoire of p70 KIR is also diverse in 
size, probably due to the alternative splicing mechanism. 

Discussion 

We describe here two novel cDNA clones of the KIR3DLl 
family and five novel cDNA clones of the KIR3DL2 
family of NK receptors. Previously, nine KIR3DLl-like 
transcripts and five KIR-3DL2-like transcripts were 



58 Di versity of p70 KIRs in a Single Individual 

50 
NKB1 HVGGQDKPFLSAWPSAVVPRGGHVTLRCHYRHRFNNFMLYKEDRIHVPIF 
NKB1B ------ --- --------------------- ---- ----------------
NKAT3-DIgl _M_************************************r********** 

B. 11C LM--------- - R--T - -A-----A--Q----RG--------- - S- ----
P70-24 ------------R--T----- ---A--Q----RG----------S-----

51 100 
NKB1 
NKB1B 

HGRLFQESFNMSPVTTAHAGNYTCRGSHPHSPTGWSAPSNPVVIMVTGNH 

NKAT3-DIg1 
B. llC 
P70-24 

************************************************--

---I----- I - - ---P--- -T-R---SR---L------------------
---I-----I-G---P----T-R----R- - -L--- - - - -- - L-- ------

101 150 
NKB1 RKPSLLAHPGPLVKSGERVI LQCWSDIMFEHFFLHKEGI SKDPSRLVGQI 
NKB1B ------------------------------------------- -- -----
NKAT3-DIg1 --------------------------------------------------
B. 11C ------------L----T--------V-- - -- ---R----E- --H-----
P70-24 ------------L----T--------V--------RD---E---------

151 200 
NKB1 HDGVSKANFSIGPMMLALAGTYRCYGSVTHTPYQLSAPSDPLDIVVTGPY 
NKB1B --------------------------------------------------
NKAT3-DIg1 ------------------------------------- - ------------
B. 11C ---------- ---L-PV-- - ------- - P- S---- -- - - - -----I--L-
P70-24 -------------L-PV-----------p-S-****************** 

201 250 
NKB1 EKPSLSAQPGPKVQAGESVTLSCSSRSSYDMYHLSRERGAHERRLPAVRK 
NKB1B --------------------------------------------------
NKAT3-DIg1 -------------------------------------G------------
B. 11C -----------T-----N-------W----I------GE------R--P-
P70-24 ***********T--- --N- - --- --W- ---I------GE-- -- - - R--P-

251 297 
NKB1 VNRTFQADFPLGPATHGGTYRCFGS FRHSPYEWSDPSDPLLVSVTGN 
NKB1B -----------------------------------------------
NKAT3-DIg1 --------------------------------- ---------- -- --
B. 11C ---------------------------AL-CV--NS----------* 
P70-24 -------------------- - ----- -AL- CV- -NS--- - ---- - -* 

Fig. 5. Amino acid sequence ali gnment of the alternatively 
spliced forms of p70 KIR family. Deduced amino acid sequences 
of p70-24 is ali gned manually with published sequences of NKB 1 
and three previously reported alternatively spliced forms of p70 
KIR. NKB lB (D'Andrea el al. , 1995) and 8. 11 c (Pen de el al., 
(996) lack 17 amino acids in the stem region close to the 
transmembrane domain (codon 299-315 for NKB IB and 297-3 13 
for 8.llc), and NKAT3-delta Igl has complete deletion of the 
first Ig domain (Dohring et al., 1996). Amino acid identity is 
indicated by dashes, and deleted amjno acids are indicated by 
asterisks. Amjno acid sequences of NKB lB, NKAT3-delta Ig I 
and 8.llc are taken from GenBank (accession numbers U33328, 
L76664 and X93596, respecti vely). cDNA sequence of p70-24 
has been deposited in GenBank with the accession numbers 
AF208690. 

reported. Together with the previously reported KIR3DL 
fami ly members, these II KIR3DLl-like sequences and 10 
KIR3DL2-like sequences constitute very closely related 
KIR families with a few amino acid substitutions. These 
results suggest that the repertoires of both the KIR3DLl 
family and the KIR3DL2 family are highly diverse with 
extensive polymorphism within the genes, although the 
origin of the diversity remains unclear. 

Recently, Vyas et ai. (1998) identified six new cDNA 
clones of KIR3DLl fami ly members and compared the 
deduced amino acid sequences with the previously 

reported K1R3DL 1 sequences, including NKB 1, 
K1R3DLl v and NKAT3 . These nine KIR3DLl transcripts 
are very similar and their variability is limited to only 19 
codon positions among 423 amino acids. These studies 
demonstrated that the KIR3DLl gene fami ly encodes a 
large number of different transcripts. Based on the amino 
acid sequence variation patterns of the transcripts, they 
proposed that four transcripts cou ld be encoded by 
different K1R3DLI genes, while the others would be 
generated by a recombination process. Simi larly, five 
different mRNA transcripts of the KIR3DL2 family have 
been reported, but the origin of the diversity remains 
unknown. However, our new K1R3DL2-like transcripts 
provide evidence for the role of genetic recombination in 
the generation of KIR3DL2 diversity, too. 

Genetic recombination as a mecha ni sm for K1R 
diversification has been proposed based on KIR sequence 
analysis (Valiante et al., 1997). A comparison of K1R 
sequences reveals a "patch-work" pattern of variability in 
which most substitutions are found in more than one 
sequence (Valiante et ai., 1997). This pattern is analogous 
to that seen for highly polymorphic MHC genes (Parham 
et al. , 1995). Like the case of MHC genes, the evidence for 
recombination as a mechanism for KIR diversification has 
been demonstrated by di scoveries of hybrid p58 K1R 
sequences (Chwae et al., 1999; Shilling et al., 1998). The 
hybrid clones, which exhibit different amino acid sequence 
identity with two di stinct kinds of KIR at the N-terminal 
and C-terminal domains, respectively, define potential 
events of recombination during the evolution of KIR genes 
and/or at the maturation of KIR mRNA transcripts. 

In addition to the 7 di stinct KIR3DL fami ly members, a 
truncated isoform of KIR3DLl (p70-24) was identified in 
thi s study. Previously, three alternative splicing forms of 
the KIR3DL family (NKBIB , 8.llc and NKAT3-delta Igl) 
were reported. NKBIB (D'Andrea et ai., 1995) and 8.lIc 
(pen de et al. , 1996), which are isoforms of NKB I and an 
as yet unidentified full length gene, respectively, lack 17 
amino acids in the stem region close to the transmembrane 
domain (codon 299-315 for NKBIB and 297-313 for 
8.lic). NKAT3-delta Igl is an alternatively spliced product 
of NKAT3 and shows complete deletion of the first 19 
domain (Dohring et al. , 1996). Interestingly, p70-24 has a 
deletion of 29 amino acids in the junction between the 
second and third 19 domains (codon 183-211), suggesting 
that the repertoire of the KIR3DL family is also diverse in 
size. Alternative splicing forms of the KIR2D fami ly (p58 
and p50 KIR) are well documented (Chwae et al., 1999; 
Dohring et al. , 1996). We previously identified four groups 
of differentl y spliced forms of p58 KIRs in a single 
individual (Chwae et ai., 1999). The first group of a 
differently spliced form lacks 114 of the first 19 domain and 
3/4 of the second Ig domain. A differently spliced isoform 
of p58 KIR which belongs to thi s group, as well as other 
isoforms which lack either the first or second Ig domain, 
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have also been reported by Dohring et at. (1996). The 
second group lacks half of the second Ig domain. The third 
group lacks 1112 of the first Ig domain and 114 of the 
second Ig domain. The fourth group lacks 1/4 of the first 
Ig domain. It is a very fascinating question how the 
differe ntl y spliced isoforms of pS 8 KIRs co uld be 
generated, and the particular DNA sequences fo und in the 
pS8 KIR cDNAs gave a clue to the answer (Chwae et ai., 
1999). Remarkably, the splicing sites of the differently 
spliced isoforms of pS 8 KIRs were reminjscent of the 
intronJexon splicing si tes (Mount, 1982). Based on thj s 
observation, we proposed previously that some part of the 
exon could be spliced out by an alternative splicing 
mechanism because of the presence of these particular 
DN A seq uences (potenti al splice donor and acceptor 
sequences). Interestingly, those splicing sequences are well 
conserved, not only in pS8 KIRs, but also in p70 KIRs. 
Therefore, it seems rea on ab le to ass ume that the 
differently spliced forms of the KIR3DL family may also 
be generated by an alternative splicing of some part of the 
exon that has the potential splice donor and acceptor 
sequences. 

It is not known whether polymorphism of KIR affects 
recognition of class I MHC molecul es. However, the 
importance of only a single amino acid substitution has 
clearly been demonstrated in site-directed mutagenesis 
experiments of c1-42, a member of the KIR2DLl family 
(Winter and Long, 1997). Exchanging a methionine at 
position 44 of the first Ig domain of c1-42 with a lysine in 
cl-43 , a me mber of th e KIR2DL2 family, at th e 
corresponding posi tion led to switching of the li gand 
specificity of c1-42 fro m HLA-Cw4 to HLA-Cw3, and vice 
versa. A comparison of the amino acid seq uences of 
KIR3DL fa mily members indicates that most of the 
variants have a few arruno acid changes in the extracellular 
Ig domains (Figs. 1-4). The relationship between these 
KIR3DL variants is unknown, but they may represent 
di stinct gene products and/or allelic polymorphism. We 
speculate that a possible function of the diverse repertoil"e 
of KIR may be related to the fi ne-tuning of immune 
responses , since the KIR-MHC interaction would be 
affected by a few amino acid changes in KIR variants. It 
will therefore be important to investigate the functional 
significance of the KIR3DL variants. 
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