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UNUNUaY Killer-cell Immunoglobulin-like Receptor
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mﬂwﬁaaﬁﬁamuqmm‘sﬁmmm NK cell ipsan NK
cell receptor MANIDAIFYLIAL 2 Anwuchin Fyno
N3%6u (activating signal) LLazé’iyagméJ”ugq (inhibitory
signal) SuiUafien09 NK receptor Mifluafiale ynnifiu
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1. mwi‘iﬁugmlﬁmﬁn Killer-cell immunoglobulin-like
receptor (KIR)
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KIR3DL1#213 (HLA-C)
KIR3DL1 (HLA-B)
KIR3DL2 (HLA-A)

CDO4iINKG2A (HLA-E)

LIR-1 (HLA-A-G)
KLRG-1 {Cadherins)
CEACAM1 [CEACAMS)

TIGIT (FYR and PYRLZ)

2B4 (CD48)

NTBA (NTEA

CS1(CST)

KIR2DS1 (HLA-C)
KIR2DS4 (HLA-A, C)
KIR2DL4 (HLA-G)

CD94NKG2C (HLA-E)

Activating

KIR3DL2 (HLA-A)

CD18 (Ig)
NKG2D (MIC, ULBF)

NCRs (E7-HE)

DNAM-1 (FVR, MNectin-Z2}

TLR (TLRL)
NKp80
(AICL)

Figure 1 Examples of NK cell receptors and their ligands. Receptors are broadly classified based on their primary

function (inhibitory receptors, activating receptors, and activating co-receptors). The known ligands are shown

in parenthesis. Other families of receptors are not shown, including cytokine receptors (for IFN-a and IL-1, -2,

-12, -15. -18 and -21), chemotactic receptors (CCR-2, -5, -7;CXCR-1, -3, -4, -6;CX3CR1; and Chem23R), adhesion

receptors (CD2 and b1 and b2 integrins), and inhibitory co-receptors (CD300A, LAIR-1 and Siglec?). Figure was

adapted from Leung W. Use of NK cell activity in cure by transplant: Br J Haematol 2011;155:14-29".
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immunoglobulin superfamily 8289 KIR ag'sluu%nmﬁ‘ 5N
o leukocyte receptor cluster (LRC)™ ‘]J%ImIS\IIGﬁN@J'ﬁ 19
vy 190134 Taqifufims KIR gene 7l5umsduny
waa 15 KIR gene La¢ 2 pseudogene

maieniore: KIR %%uﬁuﬁwmﬂmqﬁ%ﬁwaﬂmLaqa“
I@a%uagﬂiﬁmﬁmmaa extracellular domain WAEANNEN
989 cytoplasmic tail Fautisoan e Sudnuaianadu (short
cytoplasmic tail) wazanmMraNaen? (long cytoplasmic
tail) 8NF0eNITW KIR ‘ﬁﬁ extracellular domain 2 domain
wa¥dl cytoplasmic tail Mesd awSnh KIR2DS (2D = 2
extracellular domain, S = short cytoplasmic tail) §1&
edmamuaFumsAnugadlasEoiue Wn KIR2S!
KIR2DS2 Way KIR2DS3 i

ANBULYDY cytoplasmic tail alAemhiinm e
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tyrosine-based inhibitory motif (ITIM) q‘?immsaﬁqﬁn;mwm
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Sl inhibitory WaY activating receptor {4ang]
ITIM ﬂ‘mmmd@ﬁzytymﬁué’a wazinInasd i3
transmembrane domain ﬁmmsm interact U adapter
molecule FeeRl-g ¥hlstaedaynnainavdulé’ dm KIR 7
X cytoplasmic tail Lmumaé’u A activating receptor
fosanlaifl ITM gl cytoplasmic domain usifidau
transmembrane domain q‘?imwaa%’uﬁu adapter molecule
DAP-12 %@ﬁ immunoreceptor tyrosine-based activating
motif ITAM) vh#snsnsndsdaynanseduls®
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PRaRNEADNIY () unansTeT Bt Lay alldle Faas
MNFLINTAsLeRaMINERaNTY 1A allele RANHLAN
@mﬁmméw@w’umzﬂmﬁmeﬁmamﬁaﬁuﬁﬂﬁﬂéﬂﬁiau
(coding region) Ausnene SinvERsIEANTLINAY allele
ﬁﬁmmmn@mﬁmméﬁuLuaélu@ht,mmﬁna@iﬁaﬁu‘qmﬁm
¢ lustiufimitowu (silent substitution) Siazsaedgn
Thetkes allele AReMauAReT BRI FLF ML

Alalla coding region (Figure 2)
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Difters in the sequence of
their encoded proteins

First 3DL protemn described
Long cytoplasmic tail

Three Ig-like domains

Synonymous DNA substitution
within the coding region

Differs in the non-
coding region

Acronym
(_Iﬂ i
K

3DL1#0010102

Figure 2 KIR allele nomenclature. Figure was adapted from www.ebi.ac.uk/ipd/kir/introduction. html.

1.2 ANNAAINUAIBUDS KIR (KIR diversity)

KIR femananvaneaiduoehsannuazaautnetudan
ANANTMENUIEANTBII NIV Yas KIR Lidn 3 wuu'
Ao 1) huwaceiinwas KIR gene  2) anamanvansli
9¥aU allele Ay 3) LALYIMIUEAIDAN

$wures KIR gene lshoiazanademauanss
fiuaehsann anNMsenm KIR gene Iufisnalafiasning
U3 500 AU NUNLGRLANIAINIEI KIR gene fuein
shaffudious 8-16 B lnedmian KR gene fmuldasfian
#i0 13 fu uanaNmIULRI KIR gene TuldiazynnnazLen
e sinrestufiSaunnenatudng eunisis i
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AMAVINTIAIEa3 KIR gene s allele asvann
vansannoeautLTioas KIR gene lapusiazindion
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Turnuedl KIR gene ag'uuiﬂﬂﬂsﬁmgiﬁ 19 M3memasKIR
gene At ligand 789 KIR Selsidniudiacludneiu s
Afoefiths HLA identical s a193¢d KIR haplotype 7
weneharinlel

1.3 KIR ligand
MIAUAUTAIN KIR receptor wag KIR ligand 50

Wunsdutuuuufenadimng anmsanmsanadmg
997719 KIR receptor ¢12 KIR ligand Susnasotianea
sunglddaanliuing KIR receptor using KIR receptor
faliansnsnuanfly KR ligand fsneldFaan anms
#nwmud Taiana inhibitory KIR2DL agiuiy HLA-C
allele #i3umy e inhibitory KIRZDL a¢¥uiy allele 1o
989 HLA-C saidsiuaiinaasnsnasiilusummisn 80 209
HLA-CY win HLA-C allele §insnoziilushusmiof 80 (i,
asparagine %ﬁ@agﬂumju HLA-C1 group (HLA-C*™)
%d\lgflm HLA-C*01 *03 *07 wag *08 ey KIR receptor
fisnesla HLA-C1 group @ inhibitory KIR2DL2 Uag
KIR2DL3 910 HLA-C allele Ansnazillususmisii 80 (v,
lysine avdraeflunga HLA-C2 group (HLA-CY**) asléun
HLA-C*02 *04 *05 way *06 ey KIR receptor ﬂ?‘i'oﬁuwwz
¢in HLA-C2 group ©® inhibitory KIR2DL1

ANTUANNANLIZNIN inhibitory KIR receptor Wae
HLA-B 14 Swiusnuminseasiludt 77-83 luana heavy
chain 98¢ HLA-B* dnseasilufishumisonaniduan
ﬁ?ﬁﬁﬂﬂ@‘i@ﬂ%ﬂ“ﬂm Bw4 %30 Bw6 lae KIR receptor ‘1‘7%
St HLA-Bwé &8 KIRADLA & HLA-Bw6 Hlainuh
§URU KIR receptor 1a7) 1ag wonINATE M KIRZDLA
sansnduiulaiana HLA-G I udemaddoyvasmady
FuimedAnendislainrudaian

ANNIUAZIZAI activating KIR receptor b
KR ligand ﬁ”?uﬁiwmmagjﬁaa Sasmnmsduiusewing
activating KIR W8y ligand sl affinity ¢ vhlfen
ndeMIENY  AnsEnsiSinenude KIR2DST uay
KIR2DS4 Z9dnimesio HLA-C2 group (HLA-C™™) uay
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Table 1 KIR genes and KIR ligands specificity™

KIR Identified ligand
2DL1 HLA-C™**

2DL2 HLA-C*

2DL3 HLA-C**

2DL4 HLA-G

2DL5 Not defined

2DS1 HLA-C™**

2DS2 Not defined

2DS3 Not defined

2DS4 HLA-A11 and some HLA-C alleles
2DSH Not defined

3DL1 HLA-B Bw4

3DL2 HLA-A3, -Al1

3DL3 Not defined

3DS1 Not defined

HLA-A11 enuadiu™  enadngszniy KIR wag KIR
ligand VLG?Tﬁ?]JVLEJﬁL% Table 1%
1.4 KIR haplotype
NaNYed KIR gene ﬁl,’%fmé]”aﬁuagﬁlu Leukocyte
receptor complex (LRC) Unlaslulasdnadenti Gun
KIR haplotype )N KIR haplotype azilsenaume KIR gene
4 Buléun 2D14, 3DP1, 3DL2 WAy 3DL3  KIR gene 4 Fi
%GWUGL%VJH KIR haplotype ﬁﬁﬂﬂ’jﬁ ‘framework gene’™
waNWHaa N framework gene WA SL% KIR haplotype £
1s¥naume KIR gene Suﬂ 57 KIR gene fiuanwiloann
framework gene ﬁ%lﬂ%ﬁ’lﬂduaﬂ’h KIR haplotype ﬂyf%
Fuuuule
KIR haplotype wiivoanifiu 2 sznn 19un A uag
B haplotype"
® A haplotype dnhwiazaiinuas KIR gene ‘ﬁ"mﬁ
Usznaume 7 KIR gene ¢ 2 KIR psuedogene
(2DL1, 2DL3, 2DL4, 2DS4, 3DL1, 3DL2, 3DL3,
2DP1 gy 3DP1) lusiasin Snnunanans
989 allele WviaEuUL
® B haplotype Lhwnuazriinvas KIR gene ﬁ
lnsfiuasienavannvmesns allele lwiday
fu9u@7e B haplotype Usenaudnefuauis
134'%’@ gﬂ% group A haplotype (Vbiﬁu framework

gene)
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RedhAyaasmsuendszny  haplotype  Aidanw
fysomsgnehaassviifia fe 114 ‘A’ haplotype &
activating gene a¢ifiesiwfen (o KIR2DS4) Tuanudt ‘B
haplotype 31431 activating gene 3NN Wikidn Meme
‘B’ haplotype Y activating gene §1nN7 ‘A’ haplotype M3
Ugniewaasiutifieangu3aneffl ‘B’ haplotype asilna
289 NK cell alloreactivity NN ANTIBNULES Cooley
uazami “GinmLhe acute myeloid leukemia (AML) 448

A Yo 1 6 v 3 A [~ A
awaw”[mumiﬂz;ﬂmmﬁaa@mmm@LN@Iammﬂ unrelated
donor WU AMAEENYaININA leukemia relapse ana

v A Yo 1 6 v o A (=3 A Y A
élmgmaﬂm‘umiﬂgﬂmaLsﬁaamumm@L;J@Iammﬂrzpﬁm@
A B’ haplotype TawMdRaNTIFnm lihe AML
1,086 Te® NEMUsPMaFariis89 ‘B haplotype siagUf-
mM3oiMiAin relapse fianad (15% vs 37%)
o 6

1.5 mavhaeasiihuaiales NK cel

NK cell samnvnanesadimsneld i 2 navuam
msvinge) Gl

1.5.1 Missing-self recognition

X X ¢
mzmummaguuwugmmama»[ﬂhmiﬂﬂﬂ@NLﬁ'ﬁaa
Undlussmeewinhl Tealusemenndvasewansl HLA
class 1 uaavoanaguuiawaan® HLA class I Hazdy
U inhibitory NK cell receptor ¥h Wiiiansssdoyanaiues
(inhibitory signal) &4x@ WMIvhNLaas NK cell AneuE
wasllifamahamadUndusomanus® (Figure 3a)
: ~ ¢a a i ¢ ~ fa AV o
wsllunstiaadnednfiny wadnuds vBoaddegehsa
%Vlsiﬁﬁmmmaaﬂmm HLA class I (expression was
down-regulated) ﬁﬂﬁl@iﬁmﬁuﬁmwdm HLA class I
MU inhibitory NK cell receptor vl,siﬁmsdqé’n;lapmﬁuﬁq
Mavhraas NK cell 890@ ikasnta9dy 1wl NK cel
\Iudfyn)1o4 activating avin NK cell gnssdunasyinas
wadthnsnezaduwaadioun@le? (Figure 3b)

1.5.2 Induced-self recognition

NILLIWMFNLYRITL NKG2D (activating receptor)”
4 v e T A o da
Fenangoauiiulusfiuluseme (sel-protein) Afmauaasaan

X ) fa A A ¢ & o 1
3N7% (upregulation) lusradfnimavsomadnuss ot
l1J5funisuriu NKG2D @i ULBP (cytomegalovirus UL16-
binding protein), MICA (MHC class I-related chain A)
ag MICB (MHC class I-related chain B)
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a. Self No lysis

receptor

Activating  Activating
receptor ligand

b. Missing self
Lysis

Abnormal
cell

Figure 3 The missing-self recognition. a) The expression
of appropriate self-HLA class I molecule protects healthy
‘self’ cells against NK cell reactivity. b) In the down-
regulation of HLA class I molecule expression, owing
to viral infection or transformation, target cells become
susceptible to NK-mediated lysis. Figure was adapted
from Kumar V, McNerney ME. A new self: MHC-class-
I-independent Natural-killer-cell self-tolerance. Nat Rev

Immunol 20055:363-74.

Donor alloreactive
NK cell

Recipient cell

2 @ 5O
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2. umnmees KIR Tumsgnaeigassuiuiaioladio
2.1 Uszlumnians NK cell alloreactivity lumsignang
\asewiLiassioladio
Tunmmgnehensadduiifieuiolafin (hematopoietic
stem cell transplantation; HSCT) mﬂqﬂﬁaéuﬁu NK cell
289 ;}ju%m@ﬁag’h graft azansnsvUReTuwac0 93y
vLG,T ﬁuﬁmﬁ@ NK alloreactivity (allo = uﬂﬂaéu reactivity =
Aefiaen) smiiu NK cell PasguINzhmeaaith
sansiadwsaduasihg uasdmalfiiaslundlumagn
meadduwiifiadalaiaruna lnraneuwun°s Figure 4
maasifin NK alloreactivity 16 NK cell s0di5ane
Fa9imMILEAIaanYed inhibitory KIR s laimsarty ligand
ﬂ‘ﬁhmwﬂmﬁu (missing ligand) uammﬁ NK cell 2989
fuinalaensinsusnsoanyas CDI4/NKG2A (inhibitory
receptor) Lﬁmmﬂ HLA-E %@L‘fl% ligand Tz §
ogun HLA dlass I cell Nnigaa Nl NK cell 784
fsmedhlulufSudefimei HSCT  NK cell 2osdi3nn
fimsuansanyag inhibitory KIR agunfagad luanidi
#50sifl HLA class T ligand 750y KIR slé - 3laiiin
inhibitory signal d@é’agtymé’ugmﬁﬂﬂmaiuLfﬁaé NATINTDY
ﬁmzymﬁmﬂu activating signal ﬁWiﬁLﬁ(ﬂ NK alloreactivity
uazananInRnUseThaneimadehe) vaeFule ma¥i NK

receptor hﬁﬁmcﬂ mismatch MU ligand ELW;%U Sun

Reduced risk of

T-cell Rejection

Dendritic cell Graft vs Host

Leukemic cell Relapse

Viral infected Infection

cell

Figure 4 Multiple potential beneficial effects of donor alloreactive NK cells on the outcomes of allogeneic

haematopoietic stem cell transplantation. Figure was adapted from Leung W. Use of NK cell activity in cure by

transplant: Br J Haematol 2011,;155:14-29".
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‘receptor-ligand mismatch’ GL%éJﬂHms graft versus host
direction ﬁmm
Safshawladmsunmayh HSCT %8l NK alloreactivity
fa alloreactive NX cell Mﬁﬂﬁﬁ@ graft-versus-host disease
(GvHD) s‘z‘%qmﬁmﬁumsﬁw HSCT ﬁﬁ T cell alloreactivity
el T-cell mediated GvHD ¢t meaﬁgﬂmﬁua
eesinade Lﬁﬁaéﬁ'mslmﬂa@aj%uﬁgﬂﬁwmﬂm NK cell
915910 @ hematopoietic cell  UsiiTaRAW) 1095
gaifhuthvianelss T-cel mediated GvHD aglslgnvnanalag
NK cell 9091fna  flasnnizadau sae5y mndu
hematopoietic cell) 1 ligand §W3U activating NK
receptor (G‘f}q%gﬂLLﬂmaaﬂumﬁﬁaa‘maﬂﬁﬁmnmﬁﬁ stress
9138 tumor transformation) é’aﬁuﬁmﬁauﬁ NK cell 2989
Ausmalsisnansnsmaiiv resting cell Inf el uag NK cell
3elalgnnasdhudiofing interact fuiadau® mepaitldsy
msthudhuannmsiinmn luyneass wuh allogeneic NK cell
ﬂmﬁmﬂﬂﬁﬁ@ graft versus leukemia (GvL) effect I@H
135l GvHED 1At uazmsdnmnlae Ruggeri Hagans’”
G‘flmﬁm:rﬂummwamﬁﬁw HSCT wu alloreactive NX cell
"{sivinlsiAn GVED wenaniigissnansash antigen-presenting
cell (APC) 2asf5ulet vhlkaamsifia GvHD Bnéhe
uDNINHeINT alloreactive NK cell 2a9L51Aa%
aannhag APC 90955uuasinasonsaamaifin GvHD
W& alloreactive NK cell Smarnshigadautnssiy 5
danalhiRastlomisamsygnenaimadduwiifiodinlafia®
ﬁdﬂi (Figure 4)
® T cell 2095ugnvane Rsaanmaiia rejection
5
® Loukemia cell 2a33TUYNTIAY F9aamaiia
relapse 15
® Viral infected cell “H@dé%ﬂQﬂﬁWmH 298AM3
Hamsande hsale
2.2 MaAnwANAEYaY NK alloreactivity 1wms
Ugneeigasouiiilaiolaiia
usrhasimsdny NK cell uasemenasngasiul
mathmelsaaasssnInnn 35 1 uimsenmisanueey
993 NK cell alloreactivity aanmgniagassiuiiiiowde
Taelumandfin Wadsdimsfinsnidle 15 Triowilies maom
usn@Ralud @ ¢t 1997 loe Valiante uazamz® wisan

gj va xR av ;ﬂl a a
uﬂ@mﬁﬂﬂwﬂ@mmma HAUGNNDNNIMNNY NAKNI-MT
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FNnfATeNuN KIR mismatch Senaduiusivmsannms
1@ leukemia relapse®® loe Ruggeri Uagamiy’ 31894
dwma;majﬂaa acute myeloid leukemia (AML) 73 KR
ligand incompatible donor 20 318 Somanhasdulums
N A A o | Y o A o
o relapse ¥ 5 Undslgneneaaauifiaiuiosas 0
WanSeuWipuiunguiiled KIR ligand compatible
donor Awam 37 T8 Aemashasdulumaifio relapse 7
A A v L < A 2 A
5 1 genseuar 75 ustaenslsfienadvanansdnmnit sy
seleaions KIR mismatch damsaamaiia relapse 1
HSCT*™® wamsentnienuddeyes KIR mismatch 1
HSCT filslsonadasiuin sansnasusldanmsiiusas
madnmAaaueneaiwlueg T cell alloreactivity U
M3 Wient2a9fd1 KIR mismatch®
Tumagnenemadéuiiiainlafioiin HLA matching
[ (% v Y A d‘d o W dl [ o @
Lﬁuﬁmwmmm&mmm‘mmmmwmﬂwq@@lammmﬁﬂu
| §Y o a GIA379J;:\ Aa .
matgnanenzanauiiiaue laia” [usnafill HLA mismatch
furiheagisaNERsamaia graft rejection, GVHD
Wa¢ transplant-related mortality s wmsdnmeany
§éiyae9 KIR diowaas HSCT v wineaw e ienan
KIR mismatch 9 KIR ligand 989530 1auaziiae liass
1 (KIR ligand mismatch) #2931 KIR ligand A8 HLA
class I molecule 0%t KIR ligand mismatch Aawhiy ;ﬁﬂw
UaZA3910 R HLA class I mismatch wszsfuuanfian ay
vhlfife T cell alloreactivity 91 T cell 989513910 &9
anssnuamMenatineanan e seiulumasuneau
AReafuANNEE P89 KIR Tu HSCT ensiansanheng
#3dulfiensmes KIR mismatch hoghals wananiims
XK Av L2 tﬁl 1 [ o A [~ A
ﬂﬂmmﬂu@mwmsﬂqﬂmaLsﬁaam%mmmmﬂawmm
HLA mismatched donor LLaﬁj\lSJﬁmi‘Vloﬁ T cell depletion
o § va L. A % o |
QN AEiNa2a9 T cell alloreactivity 3niendasuasyilslsimy
1s¢lemiang KIR mismatch sianavmenainiu HSCT 1¢f
2.3 Wa2239 NK alloreactivity Tu cord blood transplantation
waz 1w HLA-identical sibling donor
MaANNAaY KIR mismatch 11 HSCT 3434 vn
A vy A A o A v
ﬂﬂwﬂu;ﬂm&m»[mmmm T cell alloreactivity NNEIVDI
L“H'usluﬂiiﬁ cord blood transplantation %38 HLA-identical
sibling donor %mmimﬁumméwﬁnﬂa@ KIR mismatch
I3 eindnan
Tumeh ascT leeldaadduidiadiolafionn cord
S oA A Ao o Y v o a
blood % ianSeufieuumeh HSCT loeldgadduiidia
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1
aa

Walafieanglwafifl HLA matching lusedudeniv agi
T cell alloreactivity fivpan: fetiuna2e9 KIR mismatch
Tumsvh HSCT loelfiradann cord blood vhawdiuldisida
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