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Natural killer (NK)cell

Natural killer

cell: a major

player of the
Innate Iimmunity

Releases lytic granules that kill some
virus-infected cells

Figure 1-6 Immunobiology, 6/e. [© Garland Science 2005)




Linfociti Natural Killer (NK)

> 10% linfociti (CD56+CD3-)

»Lisi cellula bersaglio

»Regolati da recettori specifici
»Producono citochine immunoregolatorie (IFN-gamma)
»Regolano la risposta immune adattativa

> Induzione inflammazione
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NK cell activation is under the

control of HLA-ClassI-specific

Inhibitory receptors, activating
receptors and their cellular ligands
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activation
Schematic representation No LYSIS
of the main interactions
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natural Killer (NK) cells syagseq B NK-cell triggering
normal cell blocked by INKR

(expressing both HLA
class I-specific inhibitory
receptors and activating
receptors) and potential
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Leukocyte receptor complex (LCR)
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Multigene family: Leukocyte Ig-like Receptors (LILR)
Leukocyte-Associated Ig-like Receptors (LAIR)
Fca Receptor



HLA class | -specific inhibitory receptors

HLA-C HLA-C HLA-B HLA-A Various HLA-E
-Cw2,4,56 -Cwl, 378 BW4 (A3, All) HLA alleles
Mg

=i
=
=

COOH

NHg

COOH
KIR2ZDL1 KIR2ZDL2/LY KIR3IDLI KIR3DL2  LIRVILTZ CDY94/NKGIA
CD158a  CD158b%/b3  CD158el CD158k CD85j CD94/CD159%a

(pS8.1) (p58.2) (p70) (p140)



Killer cell

% B e e
Ny ‘_.\__'-.' o
BatTaa1l

R

* Glicoproteme espresse sulla membrana di NK e alcune
cellule T
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DIVERSITA' GENICA

15 geni: KTR2DL1, KIR2DLZ2, KIR2DL3, KTR2DL4, KIR2DLDA,
KIR2DL5B
KIR3DL1, KIR3DLZ2, KIR3DL3,

2 pseudogeni: KIR2DP1 and KIR3DP1

Nomenclatura: 2(2D) o 3 domini Ig-like R
(3D) (DO’ Dl’ DZ) irst 2DL protein described Third KIR2DL1 allele described
Coda citoplasmatica o lunga (L) - { (ﬂ

P: pseudogene | =

T

KIR2DL1*0030202

S Short cytoplasmic tail

P Pseudogene




DIVERSITA' APLOTIPICA
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Haplotype —  -mmm-  -Em— - - - —.—
! 3DL3 2DL3 2DP1 2DL1 3DP1 2DL4 3DL1 2DS4 3DL2
Haplotype B— -l -Im— I - O - I - I - - . —
3DL3 2DS2 2DL2 3DP1 2DL4 3DS1 2DL5 2DS5 2DS1 3DL2

507% popolazione esprime aplotipi A



DIVERSITA' ALLELICA

Symbol

KIR2DL1
KIR2DL2
KIR2DL3

KIR2DL4
KIR2DL5A
KIR2DL5B
KIR2DS1
KIR2DS2
KIR2DS3
KIR2DS4
KIR2DS5
KIR2DP1
KIR3DL1

KIR3DL2
KIR3DL3
KIR3DS1
KIR3DP1

Aliases

cl-42, nkatl, 47.11, p58.1, €CD158a
cl-43, nkaté6, CD158b1

cl-6, nkat2, nkat2a, nkat2b, p58,
CD158b2

103AS, 15.212, ¢D158d
KIR2DL5.1, €cD158f

KIR2DL5.2, KIR2DL5.3, KIR2DL5.4
EB6ActI, EB6ACtII, CD158h
cl-49, nkatb, 183ActI, CD158j
nkat7

cl-39, KKA3, nkat8, CD158i

nkat9, CD158g

KIRZ, KIRY, KIR15, KIR2DL6

cl-2, NKB1, cl-11, nkat3, NKB1B,
AMB11, KIR, €CD158el

cl-5, nkat4, nkat4a, nkat4b, CD158k
KIRC1, KIR3DL7, KIR44, CD158z
nkat10, CD158e2

KIRX, KIR48, KIR2DS6, KIR3DS2P,
CD158c

No. of
alleles

10
5
10

18
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DIVERSITA' ALLELICA

KIR Allele Nomenclature

First 20U protein descibed —

Long or Short —
cytoplasmic tai

e kg-hke domains

Acronym
[ i |

KIR2DL1¥0030202

S
P

Separator

— Third KIRZDL1 alele described

Diffars from athar KIRZDL14003
prateins by a Synonymous DN
subssitufion within the coding region

Diffars from atbwar KIR20L1 00302
alleles by 2 synonymous DA

Subrabitubicn withen & nom= cothing regecn

Short cytoplasmic tail

Pseudogene



DIVERSITA’ STRUTTURALE

KIR2D
i
s ™
Type 1 Type 2 KIR3D
' > R A L - ™
KIR2DL KIRZDS KIR2DL KIR3DL KIR3DL HIREDS
DO
D1

D2

(N Je g
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KIR2DLA KIR2DS1 KIRZDL4

KIR3DLA KIRZDL3 KIR3DSA
KIR2ZDL2/2 KIRZDS2 KIRZ2DL5A KIR3DLZ2
KIR2DS3 KIRZDLSE
KIRZDS34
KIRZDS5

KIR3D : DO-D1-D2
KIR2D : D1-D2 (tipo I) o DO-D2 (tipo IT)



DIVERSITA' di INTERAZIONE

KIR3AD KIR2D
- . - P P, ~
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X 1 ITIM

KIREIEAL KIRZOLE A |G e G |
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KIR2D54

KIRZDEE

HLA LIGANDS

HL&-CZ

HLA-C1

HL A~ vl

HLA-8

HLA-G

Adaptor molecules: DAP12

I ligandi per KIR3DL3, KIR2DL5, KIR2DS3 and KIR2DS5 non sono nofti




HLA-B + KIR3DL1: Multiplicity of synergistic interactions
DIVERSITA’ di INTERAZIONE

MICB
MICA

MHC
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Carrington 2006
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HLA-B: >500 alleles
KIR3DL1: >20 alleles




Differential binding between
KIR3DL1 and HLA-B

Receptor Interaction Class | Ligand
3DL1 *001+©+ B*57
Strong

SDL1*UU1%—CO+

Weak

3DL1*UU+C H B*45
Carrington 2006

None



DIVERSITA' FUNZIONALE

@ ACTIVATION RECEPTORS INHIBITORY RECEPTORS

Le code citoplasmatiche L portano due motivi inibitori (ITIM)

Le code citoplasmatiche S sono troncate prima del ITIM e contengono motivi
ITAM



INHIBITORY RECEPTORS

AT =S R
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Lvama, v EIRIDLT
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ITIM: immunoreceptor tyrosine-based inhibition motif
Leucina Tirosina Isoleucina
Aminoacidi conservati (S/I/V/LxYxxI/V/L) si fosforilano (Src
kinases) e richiamano phosphotyrosine phosphatases SHP-1 e
SHP-2, o inositol-phosphatase SHIP, le quali diminuiscono
I'attivazione delle molecole coinvolte nel signaling



http://en.wikipedia.org/wiki/Kinase
http://en.wikipedia.org/wiki/Phosphotyrosine
http://en.wikipedia.org/wiki/Phosphatase
http://en.wikipedia.org/wiki/SHP-1
http://en.wikipedia.org/wiki/SHP-1
http://en.wikipedia.org/wiki/SHP-1
http://en.wikipedia.org/wiki/SHP-2
http://en.wikipedia.org/wiki/SHP-2
http://en.wikipedia.org/wiki/SHP-2
http://en.wikipedia.org/wiki/Inositol
http://en.wikipedia.org/w/index.php?title=Src_family&action=edit&redlink=1

Immunotyrosine activation motifs (ITAM)

(E/j ACTIVATION RECEPTORS Ligand binding
\iifL @ and receptor
*-r- i:' ?ﬁn‘ ;“"-‘ f AN clustering result
Y in recruitment of
tyrosine kinases

KIRZHS

YxxI/Lx g1 YxxI/L

I'I'Al'h'l

I TO
Protein "P

chinasi

2 tirosine separate da 9-12 aa:

LYXX[LV]X6-9YXX[L/V]...
DAPI12: adattatore con motivo ITAM Y- tirosina

L: leucina
Activation leads to granule exocytosis and V: valina

release of perforin and granzyme B, which
mediate lysis of the target cell
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DIVERSITA' CLONALE

Group A Haplotype

CANLLUTE R { 209~
ACO06233 s

Group B Haplotypes

AY320039

ALI33014 - -

Inhibitory KIR gene
[] Pseudogene

i@ ST

Activating KIR gene
@ IPD-KIR 01/05




http://www. allelefrequencies.net

Locus: EEIJ ]' Starting Allele: |i'll'l-1 :|' Ending A.lala:lﬂm-‘m j'

Select specific alleles

B

Populations:| All populations | Country: |All countries =
Region: | All regions =] Ethinic Origin: [t eticies =] Sample Year: [Aiyears 2] Sortby: [Allele Frequency =] Seanch|
Displaying 1 to 100 (from 1337) records Pages: 1234567891001 147 W x
Line  Allele Population ﬁ;ﬂm} ﬁaﬂfm 5";2‘2“ J;DE"’;E'; Distribution
1 3DL1*01502 gl Venezusla Bar KIR 0-550 N &0 Ses 173
2 0L1*01502 8 South Korea KIR 0-507 N 154 Ses 7
3 ADL1*01502 E Thailand Bangkok KIR O-480 I 118 Ses w
4 A0L1%01502 @  Jzpan KIR pop3 0-457 132 Ses 17
5 apLi+oisee B USA Califormnia Asisn American pop 2 KIR 0-437 N 37 Ses 17y
8 apL1coton TEEN | 0338 . 75 Sas 1o

Figure 2. Killer cell immunoglobulin-like receptors (KIR) allede frequency search.



TasLE 2: Impact of KIR or KIR ligand matching on transplant outcome.

Reference Overall survival aGVHD Graft failure Relapse
Ruggeri et al. 2002 - . Decrease (missing KIR Decrease (missing L .
3] Better (missing KIR ligand) ligand) KIR ligand) Decrease (missing KIR ligand)
Bishara etal. 2004 Better (K.IR n‘uatch, GVH increase (donor aKIR) No eftect No effect
(6] direction)
- . Decrease (iKIRmm;
’IS;?wns etal. 2010 Bettf'; (;DKtlyR 2]];';’ D: No effect — haplotype B: D/R: +/—) myeloid,
plotyp lymphoid
Weisdorf et al. 2012 No effect No effect o No effect (KIR increase ligand
(8] mm)
Unknown (haplotype A:
Cook et al. 2004 [9] CMV reactivation ) Unknown — Unknown
Hsu et al. 2005 [10] Better (missingiKIR No effect o Decrtfas‘e (A‘ML, l%‘lDS, and
ligand) missing iKIR ligand)
Dalva et al. 2006 ) Decrease (aKIR m)
1] Better (aKIR m) Decrease (iKIR m) — Increase (D: haplotype B)
Increase (haplotype B
McQueen et al. 2007  Worse (donor but not relsicr;;ste}(':;;grll;ut n:lg D/R: +/-)
[5] recipient has haplotype B) P plotype B, - Decrease (D: 3DL1/3DL2; R:
also Bwd)
A3/11or Bwd+)
Kim et al. 2007 [12] Better (D: aKIR) Increase (D: aKIR: 2DS2-4) — Decrease (D: aKIR)
Giebel et al. 2009 Decrease (aKIR mm and Increase Increase (aKIR mm)
[13] group C2+) (aKIR mm) o
Stringaris et al. 2010 ' Decrease
[14] Better (D: haplotype B) Unknown - (D: aKIR or haplotype B) AML
- . - .
Davies etal. 2002 Worse (missing .K]R ligand) No effect No effect No effect
[15] myeloid
Giebel et al. 2003 ) Increase (KIR ligand Decrease
18] Better (KIR ligand mm) No effect match) (KIR ligand mm) myeloid
Bornhiuser et al. '
2004 [17] No effect No effect — Increase (KIR ligand mm)
f]cg ;d’fer etal. 2004 Worse (increase infections) No effect — No effect
Beelen et al. 2005 No effect No effect Increase (KIR ligand Decrease (KIR ligand mm)
[19] mm)
De Santis et al. 2005 . Increase Worse (NK epitope
120] Worse (KIR epitope mm) (NK epitope mm) mm) _
}(Zr;:l ]ger etal. 2005 No effect Not significant — Decrease (KIR ligand mm)
Farag et al. 2006 [22] No effect No effect No effect No effect
Miller et al. 2007 ) Decrease (both KIR ligand and
(23] — Increase (KIR ligand mm) — HLA mm)
. Increase (KIR ligand mm;
Yabeet al. 2008 [24]  Worse (KIR ligand mm) ) — No effect
D:2DS2 )
Cooley et al. 2009 Better Decrease (D: haplotype B) AML
and 2010 (25, 26 (D haplotype B) No effect No effect but not ALL
No effect (D: haplotype B); Increase

Decrease (HLA identical, (HLA I: 2DL5 mm HLA
KIR3DLI: D+R— D: nonl: 2DS1mm)
Gagne 2009 [4] KIR3DL1+/3DS1+ R: Decrease
Bwd+ (HLA I: 2DS3 mm,

R: C1 ligand—) D: haplotype B)

Venstrom et al. 2010 Decrease

[27] Better (D: KIR3DS1) (D: KIR3DS1)
Brunstein et al. 2009 } Increase (KIR ligand
28] Worse (only with RIC) ) (RIC)

I\;rgﬂ }emze etal. 2009 Better (KIR ligand mm) Decrease

No effect (D: haplotype B)
Increase (D: 3DL1+/3DS1+
R: Bwd—)
Decrease (D: 3DL1+/3DS1+
R: Bwd+)

No effect (D: 3DS1)
Decrease (KIR ligand mm) (RIC)

Decrease (KIR ligand mm)

M: match, mm: mismatch, RIC: reduced intensity conditioning, /R: donor/recipient, HLA I: HLA identical, and HLA nonl: HLA nonidentical.



ALGORITMO DI SELEZIONE DEI
DONATORI

(I) More Than One HLA-Matched Donor Available (Sibling,
Unrelated, or Cord Blood)

Selection of donor with receptor-ligand mismatch in
KIR.

Selection of donor with “B” haplotype in KIR.

No need to consider KIR-ligand mismatch (as KIR-
ligands always match if HLA matches).

(IT) HLA-Matched Donor Not Available; T Cells Not Depleted
(Related and Unrelated)

Selection of donor with the least degree of HLA
mismatch.

Selection of donor with receptor-ligand mismatch in
KIR.

Selection of donor with “B” haplotype in KIR.
Avoid donor with KIR-ligand mismatch.

(II1) HLA-Matched Donor Not Available; T Cells Depleted or
Single-Unit Cord Blood Transplant

Selection of donor with receptor-ligand mismatch in
KIR.

Selection of donor with “B” haplotype in KIR.

Selection of donor with KIR-ligand mismatch.



Perché ¢ importante la diversita KIR?

* Vantaggio evolutivo

* Contribuisce alla variabilita della risposta immune
s1a innata che adattativa

« Tempi1 brevi e facile studio: significato
epidemiologico

 Fattore d1 suscettabilita o protezione che influenza
la risposta immune a :1nfezioni, malattie,

autormmunita, disordini infiammator1 e trapianti di
tessutl



Increasing Protection

Multiple, distinct KIR3DL1 + HLA-B compound
genotypes protect against HIV (and cervical neoplasia?)
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R J. Boyton & D. M. Altmann 2007 British Scciety for Immuncloay, Clincal and Experimental Immunology, 149: 1-8

Table 1. Human leucocye antigen (HLA) and killer immunoglobulin-like recepror (KIR) disease assodations,

Discase EIlt { HLA association Dhservation Referen
> 1 activating KIK n donor Keduced risk of UMV reactivation m |63
recipient following bone marnom
transplaniation
HCV D03 20L3 - HLA-CI1/C Resolation of infection [51]
3051 - HLA-HBwd Resolation of infection
3051 - HLA-B-BEwd 801 Protection against the development of [64]
hepatocellalar carcinoma
HIV-1 ADS1 - HLA-Dwd 801 Diclays progression to ATDG [43]
3DLI - HLA-E*57alleles that contain Dielays progression to AL [65]
Bwd 801
Plaswodain falciparam IDLIY002 High MK cell response to P falciparum- [66]
nfected RBC
ldiooathic bronchiectasii HLA-Cw 3 Smsceptibility [53]
HLA-Cw*06 Protection
w 2051 andfor 2D062 - HLA-C1/C1 Susceptibility
Altered 30T expression Associated with severe eve disease [67]
I 2052 - HLA-C Susceptibility [01]
Decrease in inhibitory KIE-HLA genotype Susceptibility [60]
combinations
Psoriatic arthritis 205120525 HLA-Cw group homozygosity Susceptibility [68,28
Bhenmatoid vasculitis 2052; HLA-Cw™03 Susceptibility [59]
Scleroderma OS2+ 2NL2- Susceptibility [58]
Spondylarthrivides ADLI expression increased Way contribute to disease pathology [62]
Acute coronary synd romes De nove expression of 2D052/DAP12 in T cells acquire cytolytic capability [69]

CD44+ T cells

that can bypess TCR triggering



R. 1 Boyton & D. M. Altmann 2007 British Scciety for Immunology, Cincal and Experimental immunolbogy, 149: 1-8

I!Lgndﬂt melanoma JDLA2DLS; HLA-C1 Susceptibilivy [T

Cervical cancer iDs1/absence of HLA-C? and/fer HLA-Bwd Susceptibiliy [71]
Genotype 10 (2DL1213M, 3DLIAS, 2054 Sasceptibility [71]
ADLE4002 Pruleciivn

MNzsopharyngeal carcinoma EBY seropostive individnals with = 5 Susceptibiliy [73]

activating KR

Leukeemia L2 Susceptibility [74]
ABL (AML) and ARS [CML) KIR
3DLYADLA +Bwd (CLL) Susceptibility [75]
ANLYADLT Ewed (CLLY Protection [TE]
JDL22DLE + 0wl (myeloid lencaemial) Susceptibility
ZDLE2ADLE +Gwl (myeloid levcacmia) Protection [FE]

Cutanecus T cell lvmphoma Expression of JOL2 on malignat cells May contribute to dissase pathology [77]

i;L Maternal AA KK genotype; fetus HLA-CZ Susceptibility [ 78]
Eecurrent spontansots Mathers lacking inhibitory KIFE: with speci- Susceptibility [79]

abortion ficity for fetal HLA-Cw alleles



