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=LHOVHWI]XQJ i

1 (LQOHLWXQJ

'DV ,PPXQV\VWHP LVW HLQ OHEHQVQRWZHQGLJHV $EZHF
2UJDQLVPHQ [XP B6FKXW] YRU HLQJHGUXQJHQHQ Ol
NJUSHUIUHPGHQ 6XEVWDQ]HQ RGHU N|USHUHLJHQHQ I}
+HWHURJHQLWIW DQ SRWHQWLHOOH Q CKIRKGINVK IR %6V H U U H
DQ .RPSOH[LWIW GHV 6\WWHPV 1HEHQ GLYHUVHQ O|VOL
GHQ $QWLN|USHUQ GHQ 30DVPDSURWHLQHQ GHV .RPSO
,QWHUOHXNLQHQ VWHKHQ I+U HLQH HIIHNWLYH XQG ]
XQWHUVFKLHGOLFKVWH ,PPXQ]JHOOHQ ]XU 9HUI+JXQJ 'L
EHVWHKW ]XP HLQHQ DXV GHQ ORQR]J\WHQ ODNURSKDJH!
*UDQXOR]\WHQ ODVW]HOOHQ GHQGULWLVFKHQ =HOOHQ
GHV DQJHERUHQHQ ,PPXQV\WWHPV XQG [XP DQGHL
% XQB =HOOHQ GHV DGDSWLYHQ ,PPXQV\VWHPV 'LH ,QIR
LQ GDV =HOOLQQHUH XQG GHU ,QIRUPDWLRQVDXVWE
XQWHUHLQDQGHU VLQG 9RUDXVVHW]XQJHQ I+U HLQH DGl
HLQH NRRUGLQLHUWH XQG EDODQFLHUWH 5HDNWLRQ GH
=HOOHQ MH QDFK 6WLPXOXV DNWLYLHUHQGH RGHU KHPP
GHQ =HOOHQ XQWHU DQGHUHP HLQH 9LHOJPRIOHIQ DNWLY
5HJHSWRUHQ DXI| LKUHU 2EHUIOIFKH ]XU 9HUI*JXQJ
LPPXQUHJXODWRULVFKHQ 5H]JHSWRUHQ GHU /HXNRJ\WHC
GHU *UXSSH GHU & 7\S /HNWLQH RGHU VLQG OLWJOLHC
6XSHUIDPLOLH > @ ,P *HQRP GHV +DXVKXKQV ZXUGHQ L
PHKUHUH VROFKH 5H]HSWRUIDPLOLHQ LGHQWLIL]JLHUW
&KLFNHQ ,J OLNH &HBHSWRPUWH GLH ,GHQWLIL]JLHUXQ.
OLWJOLHGHU GHU ,PPXQJOREXOL® L&XQIHU LLHILXADLHW U H
3URWHA,GY &LH 5SHFHSWRU RDPL®\ G&H $QWLJIHQ

JLNH )DPLO\ OH®EHUWQG TIUHJIHULQJ 5HFHSWRUV ([SUH"
RQ O\HORLG 7&HO®OY¥ @ (LQLJH DXVJHZIKOWH 9HUWUF
L JIKQOLFKHQ 5H]HSWRUIDPLOLHQ ZXUGHQ EH®&@HLWV HLQ
1HEHQ GHP JHQDXHQ ([SUHVVLRQVPXVWHU NRQQWHQ ]X
XQG VRPLW SRWHQWLHOOH )XQNWLRQHQ HUPLWWHOW 2
LPPXQUHJXODWRULVFKHQ 5H]JHSWRUHQ GHV +DXVKXKQV
DXV



=LHOVHWI]XQJ [

2 =LHOVHW]XQJ

=LHO GLHVHU $UEHLW ZDU GLH HLQJHKHQGH &KDUDNWF
S5HJHSWRUV 75(0 % EHLP +DXVKXKQ $OV LPPXQUHJIXODYV
VWHOOW GLHVHU HLQHQ P|JOLFKHQ $QVDW]SXQNW I
PPXQV\WWHPV GDU +LHU]X EHGDUI HV MHGRFK HL
9HUVWIQGQLVVHV *EHU GLH )XQNWLRQ GHV 5\WM]JHSWRUV
DQGHUHQ /HXNR]J\WHQ $0OV *UXQGODJH I+U HLQ VROFKHV
([SUHVVLRQVPXVWHU GLH ELRFKHPLVFKHQ (LJHQVFKDIW
6LIQDOWUDQVGXNWLRQ GHV 5H]JHSWRUV VRZLH VHLQI
'LUNXQJ XQWHUVXFKW ZHUGHQ 1DFK GHU ,GHQWLIL]LF
+«KQHUJHQRP PLW DQVFKOLH%HQGHU GHWDLOOLHUWHU
LQLWLDOHQ &KDUDNWHULVLHUXQJ GHU *HZHEHYHUWH
(FKW]JHLW 3RO\PHUDVH .HW W KIQ WHOONOWLIR @ XTB &5 H>. ORQL
XQG (WDEOLHUXQJ YHUNGKLIR®H B8 U ZZHHIFXGILGHQ 5H]HSW
LKUHU 2EHUIOIFKH H[SULPLHUHQ 1HEHQ GHQ 8QWHUVX
XQG 6LJQDOWUDQVGXNWLRQ VROOWHQ GLHVH =HOOOL(
75(0% VSH]LILVFKHQ PRQRNORQDOHQ $QWLN|USHUV YHL
DQVFKOLH%HQG GLH 3URWHLQH[SUHVVLRQ DXI QDWL!
'XUFKIOXVV]\WRPHWULH DQDO\WLHUHQ ]X N|QQHQ 'DU-s
KHPPHQGH 3RWHQW L% ® WRW HTR(OHL GHWDQXODWLRQV
$VVD\V XQWHUVXFKW ZHUGHQ
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3 ILWHUDWXU*EHUVLFKW

31 5SHIHSWRUHQ GHU ,PPXQJOREXOLQ 6XSHUIDPLOLH

$OOJHPHLQH &KDUDNWHULVWLND

'LH ,PPXQJOREXOLQ 6XSHUIDPLOLH ,J6) LVW HLQH *U
GHQHQ HLQH VWUXNWXUHOOH bKQOLFKNHLWN]X=GHQ ,PP
GHQ 9HUWUHWHUQ JIKOHQ QHEHQ O|VOLFKHQ 3URWEFE
2EHUIOIFKHQUH]HSWRUHQ Z HQFKRI%AHPWAD%o D )G HHHHPPO H C
GHV ,PPXQV\VWHPV H[SULPLHUW ZHUGHQ %LRFKHPLVFK
,PPXQJOREXOLQ ,J IKQOLFKHQ 5H]JHSWRUHQ XP 7\S , 7U
PLW HLQHP H[WUD]HOOXOIU JHOHJHQHQ 1 7HUPLQXV 'L
EHVWHKW DXV HLQHU XQWHUVFKLHGQLRPHQHSR]DKO DQ
'LHVH EHVLW]HQ HLQH W\SLVFKH ,PPXQJOREXOLQ )DOW)
YHUODXIHQGHQ )DOWEOIWWHUQ ZHOFKH GXUFK 'LVX
'HFKVHOZLUNXQJHQ J]ZLVFKHQ GHQ $PLQRVIXUHQ VWD
.ODVVLIL]JLHUXQJ GHU ,J 'RPIQHQ HUIROJW QBBK GHU $Q]
BHTXHQ]OIQJH ]ZLVFKHQ GHQ NRQVHUYLHUWH® &\VWHLQ
9 & XQG & VRZLH @)%QNWLRQHOO ODVVHQ VLFK ,J
5HJHSWRUHQ LQ DNWLYLHUHQGH RGHU KHPPHQGH LQK
HLQWHL@HQLMVH ZHLVHQ VRZRKO LP WUDQVPHPEUDQH
J\WRSODVPDWLVFKHQ %HUHLFK VSH]LILVFKH &KDUDNWH

$NWLYLHUHQGH ,J IKQOLFKH 5H]JHSWRUHQ

'LH DNWLYLHUHQGHQ ,J IKQOLFKHQ B5H]JHSWRUHQ EH
J\WRSODVPDWLVFKH 'RPIQH XQG HLQHQ  SRVLWI
7UDQVPHPEUDQEHUHLFK PLW $UJLQLQ RGHU /\VLQ DOV
'LHVH SRVLWLY JHODGHQH $PLQRVIXUH HUP|JOLFKW GL
$GDSWHUPROHN.O ZHOFKHV VHLQHUVHLWY HLQH QHJDW
7UDQVPHPEUDQEHUHLFK HQWKIOW -H QDFK GH]JHSWRU
$GDSWHUPROHN.OHQ XP GLH DOV +RPRGLPHU H[SULPLF
&' '1$:; SFWLYDWLRQ 3URWH2EQ FRIGH®'BFWLYDWLRQ

3URWHLQ RI'$3N'D> @Q LKUHQ ]J\WRSODVPDWLVFKHQ 'R
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HQWKDOWHQ GLHVH 7\URVLQ KDOWLJH 6LJQDOWUDQVG X
XQG )F05, EHVLW]HQ NODVVLVFKH ,PPXQWH]HSWRU
DNWLYLHUHQGH ORWLYBRKIZQOHPIHQ '$3 HLQ DNWLYLH!
<[[0 ORWLY DXIZHLVW EHL GHP HLQ 7\URVLQ XQG HLQ O]
leU ]ZHL EHOLHELJH $PLQRVIXDW QN EDROGIHVFKH ,7$0 EHVW
DXV HLQHP ORWLY EHL GHP HLQ 7\URVLQ GXUFK ]ZHL E
YRQ HLQHP /HXFLQ RGHU ,VROHXFLQ JHWUHQQW LVW XQ ¢
EY DFKW $PLQRVIXUHQ ZLHGHUKR®@®W <[[/ ,]

(LQH $NWLYLHUXQJ GHU ,J IKQOLFKHQ 5H]JHSWRUHQ QDF
VSH]LILVFKHQ /LJDQGHQ I«KUW ]XU 3KRVSKRU\OLHUXQJ
6LJIQDOWUDQVGXNWLRQVPRWLYHQ 'LH DQVFKOLH%HC
$NWLYLHUXQJ YRQ 3URWHL®\NYW®REHQ N LXWH @ E BIUH

XQWHUVFKLHGOLFKH 6LJQDOWUDQVGXNWLRQVNDVNDGH
=HOOH XQG VRPLW ]JXU $XVIeKUXQJIHBAW@VSH]LILVFKHU )X

, QKLELWRULVFKH ,J IKQOLFKH 5HIHSWRUHQ

P *HJHQVDW] ]X GHQ DNWLYLHUHQG ZLUNHQGHQ 5H]H:¢
GLHQKLELWRULVFKHQ 5HJHSWRUHQ GXUFK HLQH:
7UDQVPHPEUDQEHUHLFK XQG HLQH ODQJH ]\WRSODVPDW
XQWHUVFKLHGOLFKHQ $Q]J]DKO DQ KHPPHQGHQ 6LJQDC
DXY @ 'DV NODVVLVFKH ,PPXQUH]HSWRU 7\URVLQ EDVLI
ORWLY ,7,0 EHVWHKW DXV VHFEMEPOQRMXEHOQ LVW
GLH HUVWH $PLQRVIXUH HQWZHGHU HLQ ,VROHXFLQ 9
JHIROJW YRQ HLQHU EHOLHELJHQ $PLQRVIXUH PLW QI
ZHOFKHV GXUFK ]ZHL ZHLWHUH EHOLHELJH $PLQRVIXUH
JHXFLQ RGHU 9DOLQ@HWUHQQW LVW >

'LH %LQGXQJ HLQHV VSH]LILVFKHQ /LJDQGHQ DQ GHQ 5
3KRVSKRU\OLHUXQJ GHU 7\URVLQUHVWH LQ GHQ ,7,0
6UFDPLOLBIFKIROJHQG 6ZHFUGRPRORJ\ FRORWHQQQJ

7\URVLQ 3KRVSKDWDVHQ 6+3 ZLH 6+3 6+3 R
BUFRPRORFRQWDL@RMLWRO 3KRVSKDWDVH 6+,3 ]X
SKRVSKRU\OLHUWHQ ,7,0 UHNUXWLHUW 'LHVH I+KUHQ ]X
DNWLYLHUHQG ZLUNHQGHQ 5HJHSWRUHQ XQG OROHN<*OH(
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+HPPXQJ GHU DNWLYLHUHQGHQ 6LJQDOWUDQVGXNWLRQ\
(ITHNW DX| GLH =@ OOH DXV >

(LQH ORGLILNDWLRQ GHV NODVVLVFKHQ ,7,0 VWHOOW G
EDVLHUHQGH :HFKVHOPRWLY ,760 GDU %HL GLHVHP 6L.
LVW GLH HUVWH $PLQRVIXUH GHU .RQVHQVXVVHTXHQ]
7KUHRQLQ HUVI®WIWD 7,[R[fHIJHQVDW] ]XP ,7,0 N|JQQHQ MF
GXUFK GDV :HFKVHOPRWLY VRZRKO $GDSWHUPROHN+*OH
HLQH DNWLYLHUHQGH 6LJQDOWUDQVGXNWLRQ LQGX]LHL
KHPPHQGH 6LJQDOWUDQVGXNWLRQ@&NBEMDBH JHYQQHLW
GHQ LQWUDJHOOXOIUHQ SK\WLRORJLVFKHQO%HGLQJXQJ
VRPLW HLQHQ :HFKVHO JZLVFKHQ DNWLYLHUHQGHU
6LIQDOJHEXQJ
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32 75(0 EHLP 6IXJHU

'LH )DPLOLH GHU 75(0 VWHOOW EHLP 6IXJHU HLQH 0XOWL
OHQVFK DX| &KURPRVRP S XQG EHL GHU ODXV DXI| &K
ORNDOLVLHUW @VWHEHQ GHQ 75(0 *HQHQ LVW LQ GHP
&OXVWHU DXFK GDV *HQ I+U GHQ DNWLYLHUHQG Z
IDWXUD®HOO S UHODWHG.S3URWBIWXDOWHQ ZHOFKI
DXVVFKOLH%OLFK DX| DNWLYLHUWHQ 1DWeUOLFKHQ .L
DNWLY L HWRXEQ ,QQDWH /\PSKRU& &HPSAM.PLHUW
ZL WG @ %HL GHQ 75(0 3URWHLQHQ KDQGHOW
=HOOREHUIOIFKHQUH]HSWRUHQ GHU ,J6)RBIMHQ DOOHQ
YRP 9 7\S JHPHLQLHVBHPHBWRUHQ VLQG DXI XQWHUVFK
=HOOHQ P\HORLGHQ 8UVSUXQJV H[SULPLHUW XQG
%H]JHLFKQXIQUHULQJ 5HFHSWRUV ([SUHVVHGORQ O\HORL
BWUXNWXUHOO ZHUGHQ GLH OLWJOLHGHU GHU )DPLOI
75(0 OLMNMD QVFUBLSWVDXEK 7/7 XQWHUWHLOW

'LH 75(0 VLQG GXUFK HLQHQ NXU]JHQ ]\WRSODVPDWLVF
EHNDQQWHYV 6LJQDOPRWLY XQG HLQ SRVLWLY JH
7UDQVPHPEUDQEHUHLFK FKDUDNWHULVLHUW 6RPLW KD
DNWLYLHUHQGH ,J IKQOLFKH 5HJHSWRUHQ 'LH 6LJQDOW!
$VVR]JLDWLRQ PLW GHP $GDSWHUPROHN+0 '$3 > @

'LH VSIWHU HQWGHFNWHQ 75(0/ EHVLW]HQ PLW HL
WUDQVPHPEUDQHQ 5HJLRQ XQG HLQHP ODQJHQ J\WRSOD
WV\SLVEFK KHPPHQGHQ 6LJQDOPRWLYHQ GLH <EOLFKH
LQKLELWRULVFKHQ ,J IKQ@LFKHQ 5H]HSWRUV >

%LVKHU NRQQWHQ YHAXOY HQBFKIHGHHUVFKLHGHQH 75(!
LGHQWLIL]JLHUW ZHUGHQ 6 R EHLQKDOWMHW GHU

75(0 XQG VRZLH 75(0/ XQG @ >75(0
VWHOOW GDEHL OHGLJOLFK@HLRH3RNXYIGRH HAG (GDDPLOLF
XPIDVVW 7UHP XQG VRZLH 7UHPWDHP [-UXHI® ZR

IXQNWLRQHOOHYV 3URWHLQ@ NRBLWWALFK NRQQWH HL
75(00LWJOLHG LGHQWLIL]JLHUW ZHUGHAQ ZHOFKHV |
GHQGULWLVFKHQ =HOOHQ S'& H[SULPLHUW ZLUG XQG LC



ILWHUDWXU*EHUVLFKW

EHJHLFKQHW@ZLD® »HQ I+U 1.S LVW LP PXULQHQ *HQ &O
HQWKDO@®MQ BLQHQ *UR%WHLO GHU ]DKOUHLFKHQ 75(0
LQ]JZLVFKHQ IXQNWLRQHOOH 3URWHLQH LGHQWLIL]JLHUW
2UJDQLVDWLRQ GHU 75(0 *HQH EHL OHQVFK XQG 0DXV

VFKHPDWLVFK GDUJHVWHOOW
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$EELOGX®FKHPDWLVFKHU 9HUJOHLFK GHU 75(0 *HQH EHL OHQVFK
KXPDQH /RNXV DX| &KURPRVRP S EHLQKDOWHW DXFK GDV *HQ Il
KRULJRQWDO JHVWUHLIWHU %DONHQ 'HU PXULQHRVRE &OXVWHU
& ORGHOOH I+U GLH NRGLHUWHQ 3URWHLQH VLQGVX\GHDHWGHQ HQV
75(0 LVW EHLP OHQVFK HLQ 3VHXGRJHQ VFKUDHSMRVUHEG %DONHC
KHOOJUDXH %DONHQ YHUPLWWHOQ LKUH 6LJQDORRBKEJIOGXUFK G
'$3 30XV XQG OLQXV GHXWHQ GLH MHIPHELUMLQ EHADHEDEXY G HV
DQ'LH 75(0/ 3URWHLQH GXQNHOJUDXH %DONHQ EHVLW]HQ GDJHJF
J\WRSODVPDWLVFKHQ %HUHLFK (LQH $XVQDKPH VWHQBW GDV KXPD
SRWHQWLHOOH 6+ %LQG3XQIVERPIDW]W S$EELOGXQJ PRGLILJLHU\
*H Q XIDW O> @

%HL GHQ 75(0 3URWHLQHQ KDQGHOW HV VLFK ]ZDU
PHPEUDQVWIQGLJH 5H]JHSWRUHQ MHGRFK NRQQW!
OLWJODHWGMIRKRHQ QDFKJHZLHVHQ ZHUGHQ 'LHVH X
O|VOLFNRWOQXEQBHI(0 V75(0 75(0 V75(0 XQG
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717 V71T > @2E HV VLFK GDEHL XP VH]JHUQLHUWH I
6SOLFH 9DULDQWHQ RGHU XP K\GURO\WLVFK DEJHVS
'RPIQHQ GHU PHPEUDQVWIQGLJHQ 5H]JHSWRUHQ KDQGHF
DEVFKOLH%HQG JBNCAKVWEI>H )XQNWLRQ GLHVHU O|VOLFk
LVW ELVKHU QRFK XQNODU ,P *HVSUIFK LVW HLQH P|
HQWVSUHFKHQGHQ PHPEUDQVWIQGLJHQ 5H]JHSWRUV GXL
GHQ JOHLFKHQ /LIJ®QGBQMBMGHP )DOO EHVLW]HQ VLH HLC
(LJQXQJ DOV ELRORJLVFKH ODUNHU GD VRZRKO EHL
OHQVFKHQ PLW HQW]*QGOLFKHQ RGHU LQIHNWL|VHQ

JRUPHQ YRQ 75(0 5HIHSWRUHQ QDFKJHZLH\W@HQ ZHUGHQ N

'LH 75(0 OLWJOLHGHU VLQG YRUQHKPOLFK DXI =HOOHC
H[SULPLHWWSR H[SULPLHUHQ ORQR]J\WHQ ODNURSKDJHQ
SODVPD]\WRLGH GHQGULWLVFKH =HOOHQ QHXWURSKLC
2VWHRNODVWHQ DOV DXFK 7KURPER]\WHQ PLQGHVWH
75(0)DPLOL® >'DU*EHU KLQDXV NRQQWHQ 5H]JHSWRUHQ
LQ]ZLVFKHQ DXFK EHL DQGHUHQ =HOOW\SHQ ZLH (QGR\
> @ VRZLH LQ YHUVFKLHGHQVWHQ *HZHEHQ ZLH 30D]
5eFNHQPDUN /XQJH +HU]J@XQOFBEUBEZLHVHQ ZHUGHQ (L
hEHUVLFKW +<EHU GDV EUHLW JHIIFKHUWH ([SUHV
75(00LWJOLHGHU JHLJW 7DEHOOH
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Table 1 | Cellular expression profiles of the TREM family proteins.
Cell type/tissue Species References

TREM-1

Neutrophils, CD14M" Monocytes Human

NK cell line, fibre Human
Human
Human

Human

Human
Human
Human

Ao
® @

T

Mou:
Mou:
Mous:
Mous:

v

Human

Human

RAW264, MT2 macrophage cell lines, and T cell lines Mouse
pDC-TREM (TREM-4)
pDCs (CD11¢®" population Mouse

TLT

TLT-2

B cells, neutrophils, and macrophages Mouse

7TDEHOQIUHVVLRQVPXVWHU GHU 75(0 BURWHLQH 7DEHIDOH HQWQRP

'LH 75(0 5HJHSWRUHQ VSLHOHQ VRZRKO LQ GHU DQJHER
DGDSWLYHQ ,PPXQLWIW HL@H 'DIEFHKWNUEGROBH RU DOOF
GHU )HLQDEVWLPPXQJ YRQ (QW]*QGXQJVU@DNMWALRQHQ Y
)DPLOLHQPLWJOLHGHU ZHLVHQ XQWHUHLQDQGHU

BHTXHQ]KRPRORJL® (XVSHHFKHQG GHU +HWHURJHOQL
([SUHVVLRQVPXVWHU XQG LQ GHU 3URWHLQVHTXH
75(05H]HSWRUHQ VHKU XQWHUVFKLHGOLFKH )XQNWLRQH

1IDFKIROJHQG VROO HLQ NXUJHU hEHUEOLFN sEHU GLH V!
([SUHVVLRQVPXVWHU XQG GLH )XQNWLRQ GHU HLQ]JHC
JHIJHEHQ ZHUGHQ 'DEHL ZLUG LQVEHVRQGHAKH DXI| GDV
75(0/ GHWDLOOLHUWHU HLQJHJIJDQJHQ ZHOFKHV HLQH

DXIZHLVW

75(0

75(0 ZXUGH LP -DKU DOV HUVWHV OLWJOLHG GH
LGHQWLIL]LHUW XQG LVW QHEHQ 75(0 DP EHOWHQ FKDU
VLFK GDEHL XP HLQHQ DNWLYLHUHQGHQ 5H]JHSWRU C
XQWHUVFKLHGOLFKVWHQ =HOOW\SHQ QDFKJHZLHVHQ
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QHXWURSKLOHQ *UDQXOR]\WWHQ ORQR]J\WHQ XQG 0
SURLQIODPPDWRULVFKH ) )XQNWLRQ IsU 75(0 JH]
NRQGWH @ LVW VHLQH )XQNWLRQ LQ (SLWKHO XQG (C
QRFK XQNODU 6R NRQQWH LQ HLQHU ,Q YLYR 6WXGLH
75(0 ([SUHVVLRQ DXI ORQR]\WHQ JH]JHLJW ZHUGHQ GLH
GHU O|VOLFKHQ B5H]JHSWRUIRUP V7@ X% HLQBHUJLQJ
YHUVWIUNHQGHQ :LUNXQJ LP (QW]*QGXQJVIJHVFKHKHQ
ORGXODWLRQ DQGHUH BDBNWHD@QZHHARGBUWIFEQ 5HFHSWR
XQG DQ GHU $NWLYLHUXQJ $QWLJHQ SUIVHQWLHUH
EHWHLOL@WNQ /LIJDQG lU 75(0 NRQQWH DXI 7KURPER]\WHI
DNWLYLHUWHQ QHXWURSKLOHQ *UDQXOR@W RQRWIFKJIHZ
LOQWHQVLYHU %HP*KXQJHQ LVW HV DEHU ELQVKHU QLFKW
LGHQWLIL]JLHUHQ

75(0

75(0 EHVLW]W XQWHU GHQ 75(0 OLWJOLHGHUQ GLH JU|¢
XQG VRPLW YHUVFKLHGHQVWH )XQNWLRQHQ 1HEHQ GHU
GHQGULWLVFKHQ =HOOHQ ODNURSKDJHQ 2VWHRNODVW|
5HJHSWRU LQ HLQHU 9LHO]DKO YRQ *HZHEHQ 1LHUH /*F
*HKLUQ QDFKJHZLHVHQ ZHAUGREBZRKO I+U 75(0 HLQH
,QWHUDNWLRQ PLW GHP ,7$0 KDOWLJHQ $GDSWHUPROH
EHVLW]W 75(0 LP *HJHQVDW] |]X 75(0 HLQH LQKLELWR!
(QW]*QGXQJVIJHVFKHKHQ XQG ZLUG GDKHU DOV 1HJC
,PPXQDQWZRUW EHVRKULRI BR@ GWH JH]JHLJW ZHUGHQ GI
75(0 GLH ,QWHUOHXNLQ ,/ XQG 7XPRUQHNURVHIDNW
ODNURSKDEHOPW ZLUG®> 'DUsEHU KLQDXV LVW GHU 5H]HS
DQGHUHP DQ GHU 5HLIXQJ GHQGULWLVFKHU =HOOHQ
=XVDPPHQKDQJ PLW GHU VHOWHQHQ (UNUDQNXQJ 1T
SRO\]\WWLVFKH OLSRPHPEUDQ|VH 2VWHRG\VSODVLH

JHXNRHQ]HSKDORSDWKLH 3/26/ ZHOFKH VLFK GXUFK
.QRFKHQ]\WWWHQ XQG GLH (QWZLFNOXQJ HLQHU SU
PDQLIHWWLH®W 'LH ([SUHVVLRQ HLQHV 75(0 /LIJDQGHC
DXIQRFKHQPDUN]JHOOHQ LQ GHU =HOOPHPEUDQ *5$0
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QHIDWADNWHULHQ VRZLH DXI GHU $VWUR]J\WRP =HOOOLC(
QDFKIJHZLHVHQ ZHUGHQ

75(0

75(0 VWHOOW EHLP OHQVFK HL® 3IWHIXGRJIHQDEDUZX%UGH
HLQ IXQNWLRQHOOHV 3URWHLQ LQ ODNURSKDJHQ QDFK
BWLPXODWLRQ PLW /36 KRBKUMNJIXDIQHUHD ELYIGFK XP HL
'$3 DVVR]JLLHUWHQ 5H]HSWRU GHVVHQ $PLQRVIXUHVHT
YRQ 75(0 *EHUHLQ®WDKMW NDQQ [+U 75(0 HLQH DNWLY
75(0 IKQOLFKH )XQNWLRQ BOIHQRPPHQ ZHU

75(0 S'& 75(0

75(0 ZLUG D Xl &S* &\WRVLQ 3KRVSKDW *XDQLQ
SODVPD]\WRLGHQ GHQGULWLVFKHQ =HOOHQ GHU O0DXV F
DOV S'& 75(0 EHJHLFKQHW (V NRQQWH I-U GHQ 5H]JHSWF
'LUNXQJ DXI GLH ,QWHUIHURQ ,)1 . 3URGXNWLRQ GLHVH
'LH 6LIQDOWUDQVGXNWLRQ YRQ 75(0 ZLUG YHUPXWOLI
75(0 <EHU '$3 YHUP@WWHOW >

75(0 OLNH 7UDQVFULSW 717 75(0/

7/7 ZXUGH LP -DKU HUVWPDOV QIKHU FKDUDNWHULYV
75(0 OLNHRWHLQHQ DP EHVWHQ XQWHUVXFKW

'HU 5H]HSWRU EHVWHKW DXV HLQHU H[WUD]JHOOXOIUHC
HLQHP XQJHODGHQHQ 7UDQVPHPEUDQEHUHLFK XQG
J\WRSODVPDWLVFKHQ 5HJLRQ PLW HLQHR®, 718l EXH)® HLQH I
GHQ KHPPHQGHQ 6LJQDOPRWLYHQ EHVLW]W GHU 5H]HSW
$EVFKQLWW HLQH 3UROLQ UHLFKH 5HJLRQ ZHOFKH HLQH!
|« BUF +RPROB4\ 'RPIQHQ 3[[3] 3 VWHKW I+U 3UROLQ |
EHOLHELJH $PLQRVIXUH l+U HLQ S RI\QMWKIE@N HODGHQH
'DUsEHU KLQDXV H[LVWLHUHQ ]ZHL 6SOLFH 9DHLDQWHQ

HLQH IeU HLQHQ 7/7 )RUP PLW HLQHP NXU]JHQ ]J\WRSOD
RKQH 6LJQDOPRWLYH XQG GLH DQGHUH DEMMFKOLH% O



ILWHUDWXU*EHUVLFKW i

'RPIQH YRQ 7/7 NRGLHU@8XFK HLQH O|VOLFKH )RUP G
5HJHSWRUV XXWGH QDFKJHBLHVHQ >

7/7 EHVLW]W GLH VWUXNWXUHOOHQ OHUNPDOH HLQH
5H]JHSWRUYV 'LH LQLWLDOH &KDUDNWHULVLHUXQJ

3KRVSKRU\OLHUXQJ GHV B5HJHSWRUV ]XU B5HNUXWLH
3KRVSKDWDVH 6+3 [+KUW XQG ZLHV VRPLW HLQH SR
'LUNXQJ QD&FK,P *HJHQVDW] GD]X ZXUGH GHU 5H]HSWRL
B8QWHUVXFKXQJHQ DOV NRVWLPXODWRULVFKHU 5H]HSW!
9HUVXFKHQ NRQQWH HLQH 5HNUXWLHUXQJ YRQ 6+3

QDFKJHZLHVHQ ZHUGHQ 6WDWWGHVVHQ ZXUGH HLQH !
JH]JHLIJW ZHOFKH 5X HHQMUW)¥FIBOWHQ .DOJLXP JUHLVHW:
> @ 'LHV LVW HLQ DX%HUJHZ|KQOLFKHV (UJHEQLV GD ,
LQ GHU 5HJHO HLQH $EQDKPH GHU .DOJLXP JUHLVHW]XQJ

717 ZLUG DXVVFKOLH%OLFK LQ GHQ . *UDQXOD YRQ
OHIJDNDU\R]\WHQ H[SW PUHUSPNWLYLHUXQJ GHU 7KURPER
7TKURPELQ .ROODJHQ RGHU /36 I-KUW ]X HLEPHU XPJHKH
GHU =HOOREHUI@IFKH >

JLEULQRJHQ ZXUGH DOV /LIJDQG Y&RQ,Q@/GH U GRMQWBILIH] L
NRQQWH JH]JHLJW ZHUGHQ GDVV GLH %LQEBKQH YRQ )LE
7KURPER]\WHQDJJUHJDWLRQ LQGX]LHUW 'DEHL NRPPW H
PLW GHQ =\WRVNHOHWW DVVR]LLHUWHQ (50 3URWHLQHQ
]X HLQHU 9HUOLQNXQJ YRQ )LEULQRJHQUD BHADKLEORW N
ZYJGH LQ HLQHU ZHLWHUHQ 6WXGLH QDFKJHZLHVHQ

KHUJHVWHOOWHY O|VOLFKHV 7/7 Uv7/7 HLQHQ
$NWLQSRO\PHULVDWLRQ GHU 7KURPER]J\WHQ KDW ZHO
JLORSRGLHQ XQG /DPHOOLSRGLHQ I+KUW 'LHVH 6FKHLQI
VSKIURLGHQ =HOOIRUP HLQ W\SLVFKHV PRUSKRORJLVF
7KURPER]J\WHQ $X%HUGHP I+KUWH GLH $QZHVHQKHLW
JHVWHLJHUWHQ $GKIVLRQ YRQ 7KURPER]\WHQ DQ (QGRW

'"HV :HLWHUHQ ZXUGHQ 8QWHUVXFKXQJHQ DQ 7/7 .C
GXUFKJHIK@W 'BHVH 7LHUH ]JHLJWHQ QHEHQ HLQHU
6FKZDQ]JEOXWXQJV]HLW HLQH 3UIGLVSRVLWLRQ 1IsU C
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+IPRUUKDJLH LQIROJH ORNDO HQW]*QGOLFKHU /IVLRQ
'LOGW\S O0IXVHQ I*KUWH HLQH %HKDQGOX@®J PHW /LSRSR(
GLHVHQ 7LHUHQ ]X HUK|KWHQ 71) XQG ' 'LPHU 30DVPD\
ZDU GLH /36 %HKDQGOXQJ I«U GLH .QRFNRXWWLHUH VWI
GHQ :LOGW\S 7LHUHUOHEWHQ $XFK HLQH HUK|KWH $QI
SRO\PLNURELHOOH ,QIHNWLRQHQ LVW BHL GLHVHQ 7LHU

(LQH O|VOLFKH )RUP YRQ 7/7 V7/7 ZXUGH ]XQIFKVW
KXPDQHQ XQG PXULQHQ 6HUXP JHVXQGHU®@,QGLYLGXH!
1IDFKIROJHQG NRQQWHQ EHWUIFKWOLFKH 30DVPDVSLH,
6HSVLVY HUNUDQNWHQ 3DWLHQWHQ QDFKJHZLHVHQ ZHU
.RUUHODWLRQ ]J]ZLVFKHQ GHP V7/7 30ODVPDVSLHJHO XQft
GLVVHPLQLHUWHQ LQWUDYDVDOHQ .RDJEORBOWMKLH ',8&
QRFK QLFKW DEVFKOLH%HQG JHNOIUW RE GLH O]|VO
K\GURO\WLVFKHU 6SDOWXQJ GHV PHPEUDQVWIQGLJHQ 5F
HV VLFK GDEHL XP HLEMFIGHIHEXQRIY DOWHUQDWLYHQ
9DULDQWHQ K®@QGWI@WUS MHGRFK GDYRQ DXVJHJIDQUJHC
H[WUD]JHOOXOIUH 'RPIQH YRQ 7/7 LQIROJH YRQ ([SUHV
7KURPER]\WHQ DEJHV®&D GWHIQ @ILW GXONWLRQ YRQ V7/7 |
QLFKW DEVFKOLH%HQG JHNOIUW ,Q HLQHWDMMW XHOOHU
HQW]*QGXQJVKHPPHQGH )XQNWLRQ EHL@ 6HBEHY EHVFK
NRQQWH LQ GHU H[WUD]JHOOXOIUHQ 'RPIQH HLQH

$PLQRVIXMBHQ LGHQWLIL]JLHUW ZHUGHQ ZHOFKH PLW
GHVVHQ /LJDQGHQ NRQNXUULHUW XQG GDGXUFK GLH SUI
YRQ 75(0 KHPPW (LQH %HKDQGOXQJ YRQ VHSWLVFKHGC
leKUWH ]X HLQHU YHUEHVVHUWK®Q hEHUOHEHQVFKDQFH 3

=XVDPPHQIDVVHQG VSLHOW 7/7 XQWHU DQGHUHP HLQH
$XIUHFKWHUKDOWXQJ GHU YDVNXOIUHQ +RP|RVWDVH X
.RDIJXODWLRQ +LHU VFKHLQW GHU 5H]HSWRU *EHU HLQ
HLQHU JHVWHLJHUWHQ 7KURPER]\WHQDJJUHJDWLRQ VF
$GKIVLRQ GHU 7KURPER]\WHQ DQ (QGRWKHQPKWOHQ ]X |
EHVLW]W GHU 5H]HSWRU HLQH LPPXQPRGXODWRULVFKH ]
J\WRSODVPDWLVFKHQ 6LJQDOPRWLYH YHUPLWWHOW Z

$PLQRVIXUHQ ODQJH 6HTXHQ] GHU H[WUD]HOOXOIU
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DQWLLQIODPPDWRULVFKH :LUNXQJ ZLUG YHUPXWOLEFK
75(0 LQGX]JLHUWHQ $NWLYLHUXQJ YRQ /HXNR]J\WHQ YHU

7/7 ELHWHW VRPLW YHUVFKLHGHQH NOLQLVFKH 1XW]X
GHP (LQVDW] DOV SURJQRVWLVFKHU ODUNHU EHL ', &
PIJJOLFKHQ WKHUDSHXWLVFKHQ $QVDW]SXQNW I+U G
YHUVFKLHGHQHQ .RDJXOD& LAR@HWWHBRRQIQY RQ 7KURPEL
YHUPLWWHOWHU 7KURPER]\WHQDJJUHJDWLRQ NRQQWF
7/7 VSH]LILVFKHWQLQUPM FKDLQ YDULBEWHNJUSHRNQW
JH]JHLIJW ZH@GI®FPK GHU (LQVDW] YRQ V7/7 DOV GLDJQR
leU GLH %HXUWHLOXQJ YRQ ',& LVW LQJZLVFK@®Q LQ GHU

75(0 OLNH 7UDQVFULSW 717 75(0/

7/7 ZLUG DXI PXULQHQ % =HOOHQ QHXWURSKLOHQ
ODNURSKDJHQ H[S@WLPISKKEBMWUSHP NRQQWH HLQH NRQ
([SUHVVLRQ DXI & SRVLWLYHQ 7 =HOOHQ XQG HLQH LQ
DNWLYLHUWHQ &' SRVLWLYHQ 7 =HOOH@ QPPFKJHZLHV
*HIJHQVDW] ]X GHQ % =HOOHQ I+KUW HLQH @36 6WLPXO
P\HORLGHQ 8UVSUXQJV ]X HLQHU +RFK@HXUGMELRQ GHV
GDV PXULQH 7/7 HLQHQ ,7,0 KDOWLJHQ ]J\WRSODVPDWL\
EHVLW]W GDV KXREZBQHSRWHQWLHOOH 6LJQDOPRWLYH Y
HLQH HLQ (QGR]J\WRVH ORWLY <[[9 < VWHKW I+U 7\URVL
$PLQRVIXUH 9 1+U 9DOLQ XQG GDV DQGHUH[EALQ 6+ %LQ
VWHKW leU HLQ SRVLWL[YI*IHBDGH GHY SHWELOH GPLQRVIX
l+U 3UROLQ @WVW 6HPEUDQSURWHKIUG R DOV HLQ /LIDQG I
7/7 LGHQWDHHLHKDMGHOW HV VLFK XP HLQ OLWJOLHG G
ZHOFKHV VRZRKO NRVWLPXODWRULVFKH DOV DXFK NRLQ
GHU 7 =HOO YHUPLWWHOWHQ ,PPXQDQWZRUW EHVFKUL
NRQQWH JH]HLJW ZHUGHQ GDVV HLQH ,QWHUDNWLRQ ¢
7 =HOOHQ H[SULPLHUWHQ 5H]HSWRU ]X HLQHU JHVWHL
|« K UW@>
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75(0 OLNH 7TUDQVFULSW 717 75(0/

'LH ([SUHVVLRQ YRQ 7/7 NRQQWH EHL GHU 0ODXV DXI 6)
GHQGULWLVFKHQ =HOOHQ XQG OLO]JPDN@RSKDWHQ JH]t
5HJHSWRU DVVR]JLLHUW PLW '$3 XQG ELQGHW DQ DSRSW
“HOOH® $X%HUGHP ZXUGH JH]JHLJW GDVV 7/7 EHL GHU
$QWLIJHQHQ HLQH 5ROOH VSLHOW XQG EHL GHU GXUFK
7/5 LQGX]LHUWHQ 3URGXNWLRQ SURLQIODPPDWRUL
DNWLYLHUHQGH )XQNW@RQVEHMWWWIRFK XQNODU RE 7/7
OHQVFK I*U HLQH O|VOLFKH )RUP NRGLHUW RGHU RE HYV
KDQGH®@W >

75(0 OLNH 7UDQVFULSW X@Q%(0/ 717

yeU 717 XQG ZXUGH LQ GHU /LWHUDWXU ELVKHU NHL
EHVFKULHEHQ
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33 75(0 EHLP +XKQ

'LH 75(0 )DPLOLH GHV +DXVKXKQV ZXUGH HUVWPD
ILHUWOBRMHEMVFKULHEHQ > @ 1DFKGHP LP -DKU

+*KQHUJHQRP YROOVWIQGLJ VHTXHQ]JLHUW YRUODJ NR
GXUFK GHQ 9HUJOHLFK PLW KXPDQHQ *HQVHTXHQ]HQ
NRQVHUYLHUWHU 6\QWHQLH LGHQWLIL]JLHUW ZHUGHQ
75(0*HQH XPIDVVHQ GHQ SRWHQWLHOO DNWLYLHUHQGF
VRZLH GLH EHLGHQ SRWHQWLHOO KHPPHQGHQ B5H]HS

75(0 % > @ (LQH hEHUVLFKW GHU 75(0 OLWJOLHGHU
$EELOGXQJ

TREM-A1 TREM-B1 TREM-B2v1 TREM-B2v2 TREM-B2v3

Ig1

Ig2

Ig1 g1 Ig3

Ig1 Ig2 Ig2 Ig1 Ig4
ITSM ITIM ITIM ITIM
ITIM ITIM ITIM ITIM

ITIM

ITIM: Immunrezeptor Tyrosin-basierendes inhibitorisches Motiv (I/V/L/SXYxxI/L/V)
ITSM: Immunrezeptor Tyrosin-basierendes Wechselmotiv (TxYxxI/V)

$EELOGXQ8FKHPDWLVFKH 'DUVWHOOXQJ GHU 75(0 OLWJOLHGHU Gl
OLWJOLHGHU GHU ,J6) EHVLW]JHQ DOOH 5H]JHSWRUH®S H[WUD]HOOX
75(0 $ EHVLW]W HLQ SRVLWLY JHODGHQHV /\WHK QXQG HRLQJHWQQVPHP
NXUJHQ ]\WRSODVPDWLVFKHQ $EVFKQLWW 75(0 % XQ@ 75(0 % KDE
7UDQVPHPEUDQEHUHLFK XQG KHPPHQGH 7\URVLQ EDVLHUHQGH

J\WRSODVPDWLVFKHQ 5HJLRQ )*U 75(0 % ZXUGHQ GUHL DOWHU
QDFKJHZLHVHQ

'LH 1RPHQNODWXU GHU 75(0 EHLP +XKQ HUIROJWH JHPI %o
KXPDQHQ 75(0 )DPLOLH 'DEHL HUKLHOWHQ 5H]HSWRUH
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OHUNPDOHQ GH® X6XGILJH}HSWRUHQ PLW W\SLVFK LQKL
6LIQDOPRWLYHQ ®BHQXWM]JOLFK LVW MHGHU 5H]HSWRU
1XPPHU YHUVHKHQ ZHOFKH GHU FKURQRORJLVFKHQ
(QWGHFNXQJ HQWVSULFKW > @

'HU VA\QWHQLVFKH /RNXV GHU 75(0 EHILQGHW VLFK Et
&KURPRVRP XQG ZLUG ZLH EHLP 6IXJHU GXHFK GLH QLF
1)<$ 1XFOHDU WUDQVFULSW LR QRID\VFRHDLE <% KRR G

0'), O\R' IDPLO\ LQKAEQWRHUUW $EE > @

Humancnr.ep2t  [NFYA]  TREMLI  TREMZ JREML2 TREML4  TREM1  NcRz  [Foxed] "
Gallus Chr. 26 ’ < TREM2 ,

(Contigs5.72-50)

$EELOGXQJ 6FKHPDWLVFKH 'DUVWHOOXQJ GHV KXPDQHQ 75(0 &
&KURMRPYVS YHUJOLFKHQ PLW GHP HUVWHQ ORGHOO GHV 75(0 /RNXV
&KURPRVRP QDFK 9LHUWOERHFN HW DO 'LH NRQVHUYLHUWHQ *H
IODQNLHUHQ GLH VIQWHQLVFKH 5HJLRQ $EELOGXQJ HQWQRPPHQ D:

75(0 $ XQG 790ZXUGHQ GXUFK GLH (16(0%/ 'DWHQEDQN ]
DOV HLQ HLQJHOQHV 75(0 *HQ  75(0 DXl &RQMW
YRUKHUJBEBJW,Q ZHLWHUHQ 8QWHUVXFKXQJHQ JHLJWH
GDVV HV VLFK KLHUEHL XP ]ZHL YHUVFKLHGHQH *HQF
1IDFKGHP GLH 6HTXHQ]JLHUXQJ GHV $EVFKQLWWV ]JZLVFK
&RQWLJ JHOXQJHQ ZDU NRQQWH ]XGHP H3{0 % DOV
75(0 )DPLOLH LP ++KQHUJHQRP LGHQWLIL]JLHUW ZHUGHQ

2000 bp
[ BAC CH261-174G2 ]
[ Contig 65.72 HContig 65.71}———  Contig65.70 |
> oo+
— <
TREM-B1 TREM-A TREM-B2

$EELOGX®BKHPDWLVFKH 'DUVWHOOXQJ GHU 3RVLWLRQ XQG 2ULHQV
DXI &KURPRVRP GHV +¥KQW G5HW SEELOGXRQ G 5(H(0 %

ZXUGHQ LQLWLDO DOV 75(0 YRUKHUJHVDJW 75(0 % ZXUGH HUVW
$EVFKQLWWYV ]ZLVFKHQ &RQWLJ XQG &RQWLJ DIXG/H QW LIL]JLHU\
9LHUWOERHFN HW DO > @

'LH 75(0 *HQH EHVLW]HQ HLQH I+U GLH ,J6) W\SLVFKH ([l
EHL GHU GLH ,J 'RPIQHQ GXUFK VHSDUDWH ([RQV NRGLHL
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PLW GHQ OLWJOLHGHUQ GHU KXPDQHQ 75(0 )DPLOLH Y
HLQJHOQHQ OLWJOLHGHUQ GHV +XKQV VRZRKO /IQJH $Q]
GHU ,QWURQV VHKU VWDUN > @

$O0OH GUHL OLWJOLHGHU EHVLW]HQ 75(0 FKDUDNWHUL\
9 7\S GLH LQ LKUHQ $PLQRVIXUHVHTXHQ]HQ ]X ELV
'DUsEHU KLQDXV NRQQWH EHL DOOHQ 75(0 *HQHQ GHV +.
&\WWHLQUHVW LP F XQG Fp 6WUDQJ DOV ZHLWHUHYV
KXPDQHQ 75(0 OLWJOLHGHU QDFKJHZLHVHQ  ZHL
6WDPPEDXPDQDO\VH ZLHV GDUDXI KLQ GDVV ]JZLVFKHQ C
OHQVFK XQG +XKQ HLQH SK\ORJHQHWLVFK HQJHUH 9HUZ
]ZLVFKHQ GHQ HLQ]JHOQHQ KXPDQHQ 75(0 OLWEIOLHGHUQ
HLQH 6HTXHQ]DQDO\WH GDVV GLH +RPRORJLH JZLVFKHQ
YRQ +XKQ XQG OHQVFK WHLOZHLVH JU|%HU LVW DOV ]
KXPDQHQ OLWJOLHGHUQ > @

39 ggTREM-B1 V-2.pro
48 ggTREM-B1 V-1.pro
huTREML1 V.pro
} 87 huTREM2 V.pro
ggTREM-A1 V.pro
25 ggTREM-B2 V-2.pro

58 ggTREM-B2 V-1.pro

$EELOGXQ@BK\ORJHQHWLVFKHU 9HUJOHLFK GHU 75(0 OLWJOLHGHU GH
HQWVSUHFKHQGHQ 9HUWUHWHUQ GHU KXPDQHQ 75(0 )DPLOLH 'L
ZXUGHQ PLW GHP &OXVWDO: $OJRULWKPXV DQDO\VKHQW =XU (UV\
%DXPV ZXUGH 0(*$ YHUZHQGHW (QWQRPPHQ DXV 9LHUWOERHFN

)sU 75(0 $ XQG 75(0 % NRQQWHQ VWUXNWXUHOO IKQOL
6IXJHU LGHQWLIL]JLHUW ZHUGHQ +LHUEHL KDQGHOW HYV
KXPDQH 75(0 XQG EHL 75(0 % XP GDV KXPDQH 7/7
75(0/ > @ 9RQ GHQ GUHL OLWJOLHGHUQ ZXUGH ELVKH
DNWLYLHUHQGH 5H]JHSWRU 75(0 $ DXVI@KUUFELKQWHU"
EHLGHQ DQGHUHQ SRWHQWLHOO KHPPHQGHQ@ 9HUWUHW |
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LQLWLDOH 6HTXHQ] XQG ([SUHVVLRQVD@D®G\WYHH) GCXUF
GHWDLOOLHUWH &KDUDNWHULVLHUXQJ LVW MHGRFK QRF

75(0 $ LVW XQWHU GHQ 75(0 OLWJOLHGHUQ EHLP +XKQ C
PLW DNWLYLHUHQGHQ OHUNPDOHQ 6WUXNWXUHOO
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Abstract

Triggering receptors expressed on myeloid cells (TREM) form a multigene family of immu-
noregulatory Ig-like receptors and play important roles in the regulation of innate and adap-
tive immunity. In chickens, three members of the TREM family have been identified on
chromosome 26. One of them is TREM-B1 which possesses two V-set Ig-domains, an
uncharged transmembrane region and a long cytoplasmic tail with one ITSM and two ITIMs
indicating an inhibitory function. We generated specific monoclonal antibodies by immuniz-
ing a Balb/c mouse with a TREM-B1-FLAG transfected BWZ.36 cell line and tested the
hybridoma supernatants on TREM-B1-FLAG transfected 2D8 cells. We obtained two differ-
ent antibodies specific for TREM-B1, mab 7E8 (mouse IgG 1) and mab 1E9 (mouse 1gG2a)
which were used for cell surface staining. Single and double staining of different tissues,
including whole blood preparations, revealed expression on thrombocytes. Next we investi-
gated the biochemical properties of TREM-B1 by using the specific mab 1E9 for immuno-
precipitation of either lysates of surface biotinylated peripheral blood cells or stably
transfected 2D8 cells. Staining with streptavidin coupled horse radish peroxidase revealed
a glycosylated monomeric protein of about 50 kDa. Furthermore we used the stably trans-
fected 2D8 cell line for analyzing the cytoplasmic tyrosine based signaling motifs. After per-
vanadate treatment, we detected phosphorylation of the tyrosine residues and subsequent
recruitment of the tyrosine specific protein phosphatase SHP-2, indicating an inhibitory
potential for TREM-B1. We also showed the inhibitory effect of TREM-B1 in chicken throm-
bocytes using a CD107 degranulation assay. Crosslinking of TREM-B1 on activated pri-
mary thrombocytes resulted in decreased CD107 surface expression of about 50-70%.

Introduction

A balanced immune reaction is important to avoid either insufficient or exaggerated immune
responses. Therefore the cells interact via a network of either activating or inhibitory signals,
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which fine-tune the outcome of the immune response. Many of these cell-cell interactions are
still poorly understood, but a group of so called immunoregulatory receptors are very likely to
be involved in this process [1-3]. They are cell surface receptors with either activating or inhib-
itory signaling potential which are biochemically divided in two different groups and belong to
either type II transmembrane C-type lectins [4] or type I transmembrane Ig-superfamily mem-
bers [5]. Activating receptors have a short cytoplasmic tail without any signaling capabilities,
but display a positively charged amino acid in the transmembrane region, which can be either
arginine or lysine. This is associated with the negatively charged residue of an ITAM contain-
ing adaptor molecule, which is DAP12 or common y chain. An ITAM is a so-called immunore-
ceptor-tyrosine based activating motif, which is phosphorylated after receptor crosslinking and
triggers intracytoplasmic activation cascades [6, 7]. The inhibitory receptors have an uncharged
transmembrane region, but a long cytoplasmic tail with a different number of immunorecep-
tor-tyrosine-based-inhibitory motifs (ITIMs). Interaction with the specific ligand leads to
phosphorylation of these tyrosines and subsequent recruitment of tyrosine specific protein
phosphatases like src-homology phosphatase-1 (SHP-1), SHP-2 or Src homology 2-containing
inositol 5'-phosphatase (SHIP) which are dephosphorylating downstream target molecules [8,
9].

Immunoregulatory Ig-like receptors are also present in chickens. One family are the chicken
Ig-like receptors (CHIR), which were discovered in 2000 [10] and characterized in recent years
by us and other groups [11-18].

The availability of the first assembly of the chicken genome in 2004 [19] offered the oppor-
tunity to further investigate additional immunoregulatory Ig-like receptor families by extended
homology searches. By this method, we characterized the TREM (triggering receptors
expressed on myeloid cells), SIRP (signal-regulatory proteins), CD200R (CD200 receptor fam-
ily) and CD300L (CD300 antigen like family members) [20-23].

The chicken TREM family is located on chicken chromosome 26. It comprehends of one
potentially activating receptor TREM-A1 and two potentially inhibitory receptors TREM-B1
and TREM-B2 [20]. TREM-A1 consists of a single V-set Ig-domain, a charged transmembrane
region and a short cytoplasmic tail. TREM-B1 and TREM-B2 both display two extracytoplas-
mic V-set Ig-domains, an uncharged transmembrane region and a long cytoplasmic tail. The
cytoplasmic tail of TREM-B1 encodes for one ITSM (immunoreceptor-tyrosine switch motif)
and two ITIMs, whereas TREM-B2 only has two ITIMs. Interestingly, for TREM-B2 we cloned
two splice variants either with one or two extracellular Ig-domains followed by the transmem-
brane and cytoplasmic region [20]. At that time the chromosomal region encoding the TREM
family members was still unassembled in the chicken genome. Meanwhile we analyzed a
completely sequenced BAC clone which included all TREM members and the unrelated flank-
ing genes, which we used, apart from other characteristics, for assigning synteny to corre-
sponding mammalian receptors. This is gallus gallus BAC clone CH261-94]J19 (Acc. No.:
AC161468). In addition to our initial characterization, we found that the TREM-B2 gene dis-
played four extracytoplasmic V-set Ig-domains, which probably arose by duplication of a two
domain receptor, because they were identical to each other by 97.4% on nucleotide level. We
verified this third splice variant for TREM-B2 by cDNA cloning (Viertlboeck et al.,
unpublished).

Recently, we examined the expression pattern of the activating TREM-A1 by generating a
specific monoclonal antibody (mab) [22]. We showed high TREM-A1 expression on blood
and bone marrow monocytes, macrophages, heterophils (which are the avian homologues to
neutrophils) and on a newly discovered population of blood NK cells [24]. Furthermore we
detected lower TREM-AL1 expression on thrombocytes and B and T cell subsets. Additionally,
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we found TREM-A1 expression also in chicken brain cells, including microglial cells, neurons,
astrocytes and oligodendrocytes.

In this report, we show detailed expression analysis of TREM-B1 employing two newly
established mab. We found TREM-B1 to be expressed on chicken thrombocytes. Furthermore
we used the specific mab to immunoprecipitate TREM-B1 protein from cell lysates of either
PBMC or stably transfected 2D8 cells and we used this cell line to show that the tyrosine resi-
dues in the cytoplasmic region can be phosphorylated and recruit SHP-2. Moreover, we dem-
onstrated that crosslinking of TREM-B1 resulted in a reduced surface expression of the
degranulation marker CD107 on activated thrombocytes.

Materials and Methods
Ethics statement

All of the experimental procedures were in accordance with institutional, state and federal
guidelines on animal welfare. The animal experiments were approved by the committee for the
Care and Use of Laboratory Animals of the Government of Upper Bavaria, Germany (permit
number: 55.2-1-54-2531.6-12.09) and all efforts were made to minimize animal suffering dur-
ing experiments.

Animals

Chicken line M11 was kindly provided by S. Weigend (Federal Research Institute for Animal
Health, Mariensee, Germany). Fertilized Eggs were incubated and hatched at the Institute for
Animal Physiology, University of Munich. The animals were housed under conventional con-
ditions and experiments were performed at the age of 3 to 10 weeks. Balb/c mice were obtained
from Charles River Wiga GmbH (Sulzfeld, Germany) and raised at the institute.

Cell preparation

Leukocytes of chicken bursa, caecal tonsils, spleen and thymus were obtained by passing the
organs through a stainless steel mesh and subsequent density centrifugation of the single cell
suspension on Biocoll Separating Solution (Biochrom AG, Berlin, Germany). Heparinized
whole blood was used to isolate either peripheral blood lymphocytes (PBL) by slow speed cen-
trifugation [24] or peripheral blood mononuclear cells (PBMC) by density centrifugation [25].
Preparation of monocyte-derived macrophages was performed by in vitro culture of PBMC in
RPMI 1640 (Biochrom AG, Berlin, Germany) supplemented with 8% FCS (Biochrom AG, Ber-
lin, Germany) and 2% chicken serum (Life Technologies, Carlsbad, CA, USA) for 2 days (40°C,
5% CO,) [26]. For whole blood analysis by flow cytometry, EDTA-treated blood was diluted in
PBS supplemented with 1% BSA and 0.01% NaN.

Cloning procedures

The expression constructs established in this study were generated by using cDNA templates
obtained in a previous study [20] and specific oligonucleotides are summarized in Table 1. For
the TREM-B1-FLAG construct, primers 1791 and 1792 were used on a TREM-B1 cDNA (Acc.
No.: AM076722). The resulting PCR fragments were gel extracted and coupled to a modified
pcDNA3.1/V5-His TOPO Vector (Life Technologies, Carlsbad, CA, USA) containing an N-
terminal FLAG epitope tag by using the Gibson Assembly™ Master Mix (New England BioLabs
Inc., Massachusetts, USA). The TREM-B1-FLAG-muCD3( expression construct was generated
as the TREM-A1-FLAG-muCD3( construct described previously [22]. Briefly, the respective
extracellular domains were amplified by PCR with primers 1148 and 1149, gel purified and
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Table 1. Olig: leotides used for cl

Specificity
TREM-B1-FLAG construct
TREM-B1-FLAG construct
TREM-B1-FLAG -muCD3{
TREM-B1-FLAG -muCD3{
TREM-B2-FLAG -muCD3(
TREM»B2-FLAG -muCD37

Number Sequence®

1791s? GGACGATGACGATAAGGCAGGAGAGGACACGCAAG
1792as AGAATTGCCCTTGAACTTCTATAGGGTTGTGTCCT
1148s ATGAATTCGCAGGAGAGGACACG

1149as ATGAATTCAGCATAGGGGGTCCT

1748s GGACGATGACGATAAGGGTCTCCCAGCCCAAACAG
1749as TGGATATCTGCAGAATTTTGTGATGGTGTTCCGTG

“Orientation indicated as s sense and as antisense

® Restiction site underlined

doi:10.1371/journal.pone.0151513.001

EcoRI digested followed by ligation into a modified pcDNA3.1/V5-His TOPO Vector (Life
Technologies, Carlsbad, CA, USA) resulting in an N-terminally FLAG-tagged extracellular
region of TREM-BI fused to the transmembrane region of chicken CD8c and the cytoplasmic
domain of murine CD3(. For generation of the TREM-B2-FLAG-muCD3( construct, the same
cloning vector was used, but ligation of the two extracellular Ig-domains, which were amplified
by primers 1748 and 1748 on TREM-B2 cDNA (Acc. No.: AM076723), was performed with
the Gibson Assembly™ Master Mix. Accuracy of the constructs was verified by gene sequencing
(GATC, Konstanz, Germany).

Cell lines, transfection and expression

The mouse thymoma cell line BWZ.36 [27] was stably transfected by electroporation [28]
using 25 pg of TREM-B1-FLAG-muCD3( (3 x 10° cells, 200 V with 950 uF capacitance).
Transfected cells were seeded into a 96-well flat bottom plate and selected in RPMI 1640 (Bio-
chrom AG, Berlin, Germany) supplemented with 10% FCS and 0.8 mg/ml G418 (Biochrom
AG, Berlin, Germany) for 10 days (37°C, 5% CO,). The chicken B cell line 2D8 [29] was stably
transfected with a full-length TREM-B1-FLAG construct using Metafectene Pro (Biontex, Pla-
negg, Germany). After incubation of 24 h (40°C, 5% CO,) the transfected cells were plated in a
96-well flat bottom plate and cultured in RPMI medium containing 10% FCS and 0,8 mg/ml
G418 (Biochrom AG, Berlin, Germany) for 2 weeks. Single clones were screened for surface
expression by anti-FLAG staining and subsequent flow cytometry (FACSCanto II, BD, Heidel-
berg, Germany). A BWZ.36 cell line stably expressing TREM-A1-FLAG-muCD3( was estab-
lished in a previous study [22]. In addition, human embryonic kidney HEK 293 T cells were
transiently transfected with a TREM-B2-FLAG-muCD3( construct using the Metafectene lipo-
somal transfection reagent (Biotex, Planegg, Germany) and used for further analysis after 24 h.

Real-time RT-PCR

RNA preparation and real-time RT-PCR was performed as described previously [22]. Total
RNA of bursa, thymus, caecal tonsils, liver, spleen, bone marrow and PBMC was extracted
from 100 mg tissue or 1 x 10 cells by using Trizol (Life Technologies, Carlsbad, CA, USA).
The RNA quality was determined with the 2100 Bioanalyzer (Agilent Technologies, Wald-
bronn, Germany) and RNA with an integrity number abover 7.5 was used for cDNA synthesis
with the QuantiTect Reverse Transkription Kit (Qiagen, Hilden, Germany). PCR was per-
formed with the PowerSYBR™ Green RT-PCR Reagents Kit (Applied Biosystems, Darmstadt,
Germany) using the 7300 Real-Time PCR System (Applied Biosystems, Darmstadt, Germany)
with following parameters: 95°C for 10 min, then 40 cycles of 95°C for 15 s, and 59°C for 1 min
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Table 2. Oligonucleotides used for real-time RT-PCR.
Specificity Number Sequence
TREM-B1 1060s* ATTGGTCCTAACCGTGCACTGTA
TREM-B1 1061as ATGTGCCAGAATCCTCTTTITCG
185 rRNA 870s CATGTCTAAGTACACACGGGCGGTA
188 rRNA 871as GGCGCTCGTCGGCATGTATTA

AQrientation indicated as s sense and as antisense

doi:10.1371/journal pone.0151513.002

with subsequent analysis by a melting curve. The cDNA samples were analyzed in triplicates
with oligonucleotides specific for TREM-B1 and 185 rRNA (Table 2) obtaining the cycle
thresholds (Ct) for each tissue. The relative amounts of gene-of-interest mRNA were calculated
by means of the AACt method as described before [21].

Generation of a specific monoclonal antibody

Two monoclonal antibodies with different isotypes were generated as described previously
[11]. Briefly, a Balb/c mouse was repeatedly immunized with the TREM-B1-FLAG-muCD3(
transfected BWZ.36 cells. Hybridoma supernatants were screened by flow cytometry on
TREM-B1-FLAG transfected 2D8 cells thereby excluding nonspecific mab binding to irrele-
vant BWZ.36 proteins. For additional verification of the mab specificities, the supernatants
were also tested on the TREM-B1-FLAG-muCD3( transfected BWZ.36 cells and on both
untransfected BWZ.36 and 2D8 cells. Cross-reaction with other structurally similar TREM
members was examined by staining TREM-A1-FLAG-muCD3{ transfected BWZ.36 and
TREM-B2-FLAG-muCD3[ transfected 293T cells. For our further analysis of TREM-B1, we
selected the mab 1E9 (mouse IgG2a) and 7E8 (mouse IgG1). For whole blood staining, the
mab 1E9 was affinity purified by protein G coupled agarose, subsequently concentrated using
centrifugal filters (Merck Millipore, Darmstadt, Germany) and conjugated to the Alexa Fluor
647 dye (Life Technologies GmbH-Carlsbad, CA, USA) according to the manufacturer s
protocol.

Antibodies and immunofluorescence analysis

Single-cell staining was performed with either the 1E9 or the 7E8 mab followed by a goat-anti-
mouse IgG2a- or IgG1-PE conjugate (SBA, Birmingham, AL, USA). For double staining of leu-
kocytes, cells were first incubated with a mixture of primary mab. Depending on the isotype of
the other mab in the mixture either the anti-TREM-B1 mab 1E9 (IgG2a) or 7E8 (IgG1) was
used. Subsequently, cells were incubated with a combination of goat-anti-mouse IgG2a-PE and
goat-anti-mouse IgG1-FITC (SBA, Birmingham, AL, USA) when the 1E9 mab was used or a
mixture of goat-anti-mouse IgG2a-FITC and goat-anti-mouse IgG-1-PE when 7E8 was used
for staining. Following mab were used for further characterization of TREM-B1 expressing
cells: 8G8 (mouse IgG2a) specific for CLEC-2, which is expressed on thrombocytes [30], K1
(mouse IgG2a) recognizing an unidentified antigen expressed on thrombocytes and macro-
phages [31], AV20 (mouse IgG1) specific for Bu-1 present on B cells [32], CT3 (mouse IgG1)
specific for CD3 on T cells [33], KULO1 (mouse IgG1) specific for monocytes and macrophages
[34], 8F2 putatively recognizing a CD11c homologue expressed on chicken thrombocytes, T
cells, NK cells, monocytes, heterophils and eosinophils [24] and 8D12 specific for a chicken
FcY receptor (CHIR-ABI) expressed on B cells, monocytes and macrophages, NK cells and
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heterophils [13, 22]. For each staining, appropriate isotype-matched controls were used. Dead
cells were identified by staining with 7-AAD (7-aminoactinomycin D, Sigma-Aldrich,

St. Louis, MO, USA) and the vital leukocyte population was analyzed by flow cytometry
(FACSCanto II, BD, Heidelberg, Germany) using the BD FACS DIVA 6.1.3 and Flow]o Soft-
ware (Tree Star inc., Ashland, OR, USA). Whole blood staining was performed with the Alexa
Fluor 647-conjugated 1E9 mab combined with a phycoerythrin-conjugated K1 mab [31] and
analyzed by flow cytometry as described previously [35].

Biotinylation and pervanadate treatment of cells

Biotinylation and pervanadate treatment of cells were performed as described previously [11].
For biotinylation, 5 x 107 of TREM-B1 transfected 2D8 cells or 1 x 10° prepared PBMC were
washed in PBS containing 1 mM MgCl, and 0.1 mM CaCl,. After the cells were incubated in
PBS with 0.5 mg/ml sulfo-NHS-biotin (Life Technologies, Carlsbad, CA, USA) for 40 min at
4°C under constant rotation, the cells were washed once in RPMI 1640 followed by two washes
in PBS with MgCl, and CaCl,. Efficiency of biotinylation was checked by flow cytometry using
phycoerythrin-conjugated streptavidin (SBA, Birmingham, AL, USA). Pervandate treatment
was conducted with 5 x 107 cells in 5 ml of warm (37°C) medium. After stimulation for 0, 5
and 15 min with 0.1 mM Na;VO, with 0.05% H,0O, at 37°C, cells were immediately pelleted by
centrifugation at 4°C and washed twice in cold (4°C) PBS containing 0.4 mM EDTA and 0.4
mM Na;VO. Subsequently, cells were lysed for 45 min on ice using a lysis buffer consisting of
150 mM NaCl, 40 mM TRIS-Cl pH 7.4 and 1 mM EDTA supplemented with 1% TritonX-100,
the protease inhibitor cOmplete (Roche, Basel, Switzerland) and in case of pervandate stimula-
tion phosphatase inhibitors (10 mM NaF, 2 mM EDTA, 1 mM Na;VO,). Supernatant was sep-
arated from nuclear and insoluble components by centrifugation for 30 min at 4°C and 16,000
x g and subsequently used for immunoprecipitation.

Immunoprecipitation, deglycosylation and immunoblotting

Immunoprecipitation was performed with 50 pl of either anti-Flag M2 Agarose Affinity Gel
(Sigma-Aldrich, St. Louis, MO, USA) or protein G-coupled agarose (Merck Millipore, Darm-
stadt, Germany) loaded for 4 h with 1.5 g of the purified 1E9 mab and washed once with lysis
buffer before use. Lysates were added to the agarose-beads and incubated over night at 4°C
under constant rotation. The beads were washed three times in lysis buffer by centrifugation
before immunoprecipitates were eluted by boiling the beads in 100 pul of SDS sample buffer.
For deglycosylation, immunoprecipitates were dissolved in a glycoprotein denaturing buffer
followed by incubation in a buffer containing peptide N glycosidase F (PNGase, New England
BioLabs, Ipswich, MA, USA) according to the manufacturer s protocol. Precipitated proteins
were separated on 12% SDS-PAGE under nonreducing and reducing conditions followed by
transmission on a 0.45 pm nitrocellulose membrane (Amersham Hybond-ECL, GE Healthcare,
Solingen, Germany) by semidry electroblotting. The blots were blocked in 5% nonfat dry milk
in PBS supplemented with 0.05% Tween and subsequently incubated with a streptavidin-HRP
(horseradish peroxidase) conjugate (1:10000, SBA, Birmingham, AL, USA), an anti-FLAG--
POD (peroxidase) conjugate (1:20000, Sigma-Aldrich, St. Louis, MO, USA) for loading control
or a HRP conjugated anti-phosphotyrosine antibody (P-Tyr (Py20) HRP, 1:200, Santa Cruz
Biotechnology, Dallas, TX, USA) for phosphotyrosine detection. Phosphatase detection was
conducted by using a rabbit anti-human-SHP-2 antiserum (SH-PTP 2 (C-18), 1:200, Santa
Cruz Biotechnology, Dallas, TX, USA) followed by goat anti-rabbit IgG(H+L)-HRP (1:10000,
Jackson ImmunoResearch Inc., West Grove, PA, USA). Immunoblotted proteins were visual-
ized using a luminol-based chemiluminescent substrate. This consists of three components:
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ECL-A solution containing 0.1 M TRIS-HCl ad 100 ml aqua dest. pH 8.6 supplemented with
25 mg Luminol (Sigma-Aldrich, St. Louis, MO, USA), ECL-B solution comprised of 0.110 g
parahydroxy coumarin acid (Sigma-Aldrich, St. Louis, MO, USA) solved in 100 ml DMSO and
ECL-C solution which is HO, 30% (v/v).

CD107 degranulation assay

To investigate the inhibitory potential of TREM-B1, the CD107 degranulation assay was per-
formed [36]. 5 x 10° PBMC were incubated simultaneously with the CLEC-2 specific mab 8G8
(mouse IgG2a) and the TREM-B1 specific mab 1E9 (mouse IgG2a), a goat-anti-mouse IgG2a-
FITC conjugate (SBA, Birmingham, AL, USA) for co-crosslinking and the 5G10 mab detecting
chicken CD107 (mouse IgG1, Developmental Studies Hybridoma Bank, University of lowa) in
the presence of the protein transport inhibitor GolgiStop™ (BD, Heidelberg, Germany). An
appropriate isotype-matched control was performed identically, but in the presence of an irrel-
evant mouse IgG2a antibody instead of the 1E9 mab. Following incubation for 30 min (40°C,
5% CO,), the cells were stained with an anti-IgG1-PE antibody (SBA, Birmingham, AL, USA).
Dead cells were discriminated using 7-AAD (7-aminoactinomycin D, Sigma-Aldrich, St. Louis,
MO, USA) and living cells were analyzed by flow cytometry. Additional controls without cross-
linking were incubated in the absence of 8G8 and 1E9 or the irrelevant antibody and stained
with the respective antibodies at the end of the experiment. To determine the percentage of
TREM-BI1 induced inhibition, the fraction of CD107 positive cells out of the whole thrombo-
cyte population was calculated and referred to the isotype-matched control, which were set to
100% degranulation. Statistical analysis was perfomed by using Graph Pad Prism software ver-
sion 5.

Results

The mab 1E9 and 7E8 are specific for TREM-B1 and do not cross-react
with other TREM members

In order to generate a monoclonal antibody against the extracellular domain of TREM-B1, two
different cell lines were established. Immunization was conducted with a TREM-B1-FLAG-
muCD3( transfected BWZ.36 cell line followed by screening of the hybridoma supernatants on
chicken 2D8 cells stably expressing TREM-B1-FLAG (Fig 1). By this strategy, nonspecific mab
detecting irrelevant BWZ.36 proteins were excluded. Two specific mab with different isotypes
were selected, designated 1E9 (mouse IgG2a) and 7E8 (mouse IgG1). For validation of specific-
ity, the obtained mab 1E9 and 7E8 were also tested on untransfected 2D8 and BWZ.36 cells as
well as on TREM-B1-FLAG-muCD3( transfected BWZ.36 cell line (Fig 1). Both antibodies
bound to nearly all transfected cells, whereas unspecific binding to the untransfected control
cells could be excluded.

To test whether the mab could cross-react with other members of the chicken TREM family,
1E9 and 7E8 supernatants were also tested on TREM-A1-FLAG-muCD3( and TREM-B2--
FLAG-muCD3( transfected cells. Both mab reacted well with TREM-B1 (Fig 2A), but did not
cross-react with the other TREM family members (Fig 2B and 2C). Surface expression of the
respective proteins was validated by anti-FLAG staining.

TREM-B1 is expressed on thrombocytes

To investigate TREM-B1 protein expression, cell surface staining with the 7E8 mab on leuko-
cyte preparations obtained from different tissues was conducted. Dead cells were stained with
7-AAD and excluded from the analysis. Lymphocytes from bursa, thymus and caecal tonsils
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Fig 2. The mab 1E9 and 7E8 do not cross-react with other TREM family members. BWZ.36 cells stably
expressing TREM-B1-FLAG-muCD3{ (A) or TREM-A1-FLAG-muCD3{ (B) and transiently transfected HEK-
293T cells expressing TREM-B2-FLAG-muCD3{ (C) were stained with an isotype-matched negative control
(left panels), an anti-FLAG mab as expression control (middle panels, left) and the mab 1E9 (middle panels,
right) and 7E8 (right panels). Numbers indicate the percentage of positive cells.

doi:10.1371/journal.pone.0151513,g002
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Fig 3. TREM-B1 is predominantly expressed on PBMC. Leukocytes obtained from bursa, thymus, caecal
tonsils, spleen, bone marrow and blood (PBMC) were incubated with the 7E8 mab and analyzed by flow
cytometry. The markers were set according to an isotype-matched negative control and the percentage of
positive cells is indicated as a number. One of three representative experiments is shown.

doi:10.1371/journal.pone.0151513.g003

showed no reactivity (Fig 3, upper panels). Only slight expression was found on cells from
spleen and bone marrow and the highest expression was found on PBMC (Fig 3, lower panels),
which is in accordance with real-time RT-PCR analysis (S1 Fig). Based on these results, double
immunofluorescence staining on PBMC with antibodies specific for different cell populations
was performed. Depending on the isotype of these antibodies, either the 1E9 or the 7E8 mab
was applied. Living cells were identified by 7-AAD staining and either gated on lymphocytes/
thrombocytes (R1), monocytes/NK cells (R2) or heterophils (R3) in FSC/SSC (Fig 4A). PBMC
preparations of ten different animals were analyzed. Using the thrombocyte markers K1 or
8G8, all thrombocytes were found to be positive for TREM-B1 (Fig 4A, R1 gate, lower panels).
The number of thrombocytes in the different preparations varied from 33.7% to 77.6%. In con-
trast, staining of lymphocytes (Fig 4A, R1 gate, upper panels), monocytes and NK cells (Fig 4A,
R2 gate) and heterophils (Fig 4A, R3 gate) yielded no double positive population. Further anal-
yses with the thrombocyte marker 23C6, the MHCII specific mab 2G11 and the 8C7 mab rec-
ognizing SLAMF4 (CD244) on thrombocytes, monocytes, NK cells and subsets of T cells and B
cells, confirmed TREM-B1 expression is restricted to thrombocytes (data not shown).

To investigate the slight TREM-B1 expression on cells from spleen and bone marrow, these
cells were also examined by double staining with the same antibody panel tested on PBMC
(except 2G11 and 8C7). In compliance with PBMC staining, again thrombocytes were identi-
fied to be the only TREM-BI expressing population (data not shown).

In addition, monocyte-derived macrophages were analyzed for TREM-B1 expression, but
showed no reactivity (Fig 4B). In accordance with this, the chicken macrophage cell lines
HD11 and BM-2 were also negative for TREM-B1 (data not shown).

Thrombocytes can be easily activated. In order to check the impact of cell density centrifu-
gation on thrombocyte protein expression level of TREM-B1, whole blood was analyzed using
the Alexa Fluor 647-conjugated 1E9 mab combined with a phycoerythrin-conjugated K1
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and gated on lymphocytes/thrombocytes (R1), monocytes/NK cells (R2) or heterophils (R3) in FSC/SSC.
Cells were double immunofluorescence stained with either the 1E9 (upper panel) or the 7E8 (lower panel)
mab in combination with several cell surface markers as indicated. Numbers indicate the percentage of cells
in the respective quadrants. Isotype-matched controls were included in each experiment. One of ten
representative experiments is shown. (B) Macrophages were single stained with the TREM-B1 specific mab
7E9 and the macrophage/monocyte specific marker KULO1 (filled histograms). Isotype-matched controls are
shown as open histograms and percentages of positive cells are indicated as numbers.

doi:10.1371/journal.pone.0151513.9004

KuLot ———»

antibody and compared with thrombocytes prepared by density centrifugation. The entire leu-
kocyte population of both PBMC and whole blood was gated by their light scatter characteris-
tics in FSC/SSC (Fig 5, upper panels) and analyzed by flow cytometry. However, there was no
difference in TREM-BI expression level (Fig 5, lower panels).

TREM-B1 is expressed as a glycosylated monomer

For biochemical analyses of TREM-B1, 2D8 cells expressing TREM-B1-FLAG were surface
biotinylated, immunoprecipitated by the anti-TREM-B1 mab 1E9 and an irrelevant isotype
control and subsequently analyzed by western blot. Under non-reducing conditions, a protein
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Fig 5. Cell preparation has no impact on the expression level of TREM-B1. PBMC obtained by density
centrifugation and whole blood were double stained with the mab 1E9 and K1 (specific for monocytes and
thrombocytes), gated on the entire leukocyte population by FSC/SSC and analyzed by flow cytometry.
Numbers indicate the percentage of cells in the respective quadrants. The marker quadrants were set
according to the unstained cells.

doi:10.1371/journal.pone.0151513.g005

band of approximately 50 kDa was detected by a streptavidin-HRP conjugate (Fig 6A). Reduc-
tion of the protein yielded a single band on the same level and the addition of PNGase F for
deglycosylation resulted in a molecule band with a reduced My, of about 45 kDa, which is in
accordance with the theoretical My, of 46 kDa (Fig 6A). Therefore, TREM-B1 seems to be
expressed as a glycosylated monomer. Immunoprecipitates of the isotype control showed no
detectable protein (data not shown).

We performed similar experiments on primary PBMC and detected the same protein bands
for native TREM-B1 (Fig 6B).

TREM-B1 recruits SHP-2 upon phosphorylation

TREM-BI1 contains three cytoplasmic signaling motifs, one ITSM and two ITIMs. Following
phosphorylation, downstream signaling of the receptor might include protein phosphatases.
Therefore, 2D8 cells expressing TREM-B1-FLAG were treated with pervanadate for 0, 5 and 15
minutes, respectively, and immunoprecipitated using anti-FLAG beads. The immunoblots
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75(0 RGHU LQGX]LHUWHQ 6LJQDOZHJHQ BMR/EKULHEHC
VRPLW QLFKW LQ GDV W\SLVFKH 3DUDGLJPD YRQ S
5HJHSWRUHQ SDVVW 'LHV N|QQWH DXFK l«U 75(0 % ]XWL

75(0 % LVW HLQ SRWHQWLHOO LPPXQUHHKODWRULVI
UHVWULQJLHUWH ([SUHVVLRQ DX| 7KURPER]J\WHQ ZHLVW
)XQNWLRQ YRQ 7KURPER]\WHQ LP ,PPXQV\VWHP KLQ ,Q
ZXUGH JH]HLJW GDVV 7KURPER]J\WHQ QLFKW QXU EHL
%HGHXWXQJ VLQG VRQGHUQ DXFK HLQH VLJQLILNDQWH



'LVNXVVLRQ 00

VSLHOHQ@ 'LHV NRQQWH DXFK VFKRQ I-U GLH 7KURPER
JH]JHLJW ZHUG@ Q >

P 6IXJHU LVW HLQH O|VOLFKHN PRUPNYRQ@/T/7 11U ZHOFK
HLQH LPPXQUHJXODWRULVFKH )XQNWLRQ Q@FKJHZLHVH
'LHVH O|VOLFKH 5HJHSWRUIRUP ZLUG GXUFK DNWLYLHUW
LQIROJH YRQ +\GURO\VH@ HfHH QLRHQUQWH LP 6HUXP DEHL
LP 30DVPD JHVXQGHU ,QGLYLGXHQ Q@ FKLQIHIWPQ ZH!I
EHVLW]HQ 6HSVLV 3DWLHQWHQ HLQHQ VHKU KRKHQ 301
ZHOFKHU PLW GHP 6FKZHUHJUDG HLQHU GLVVHPLQ
.RDIJXORSDWKLH ', & @QVRIWUHQOWHOWW VRPLW HLQHQ SRV
GLDJQRVWLVFKHQ XQG RGHU SURJQRVWLVFKHQ ,QGLND
(LQVDW] DOV GLDJQRVWLVFKHU ODUNHU ZXUGH LQGH
EHVFKULHEBHQ'HY :HLWHUHQ KHPPW GLH O|VOLFKH 5H]
75(0 LQGX]JLHUWH $NWLYLHUXQJ YRQ QHXWURSKLOHQ *
leU KHPPHQGH ,J 5HJHSWRUHQ +EOLFK JHVFKLHKW Gl
+HPPXQJ GHU 75(0 YHUPLWWHOWHQ 6LJQDOJHEXQJ
.RQNXUUHQ] XP GHQ JOHLFKHQ /LJDQGHQ %HL HLC
HIWUD]JHOOXOIUHQ 'RPIQH YRQ 7/7 ZXUGH HLQH
$PLQRVIXUHQ LGHQWLIL]JLHUW ZHOFKH HL® VWUXNWX
3URWHLQEHUHLFK LP PXULQHQ 75(0 GDUVWHOOW $XF
HLQH O|VOLFKH )RUP V75(0 YRQ GHU EHNDQQW L
6LIQDOWUDQVGXNWLRQ YRQ PHPEUDQJH@XQGH/PHQ 75(0
'LUNXQJ NRQQWH DXFK I«U GLH O|VOLFKH )RUP YRQ 1
ZHUGHQ 'DEHL VFKHLQW V7/7 JHQDX ZLH V75(0
PHPEUDQJHEXQGHQHQ 75(0 XP VHLQHQ /LIJBQGHQ ]X N
KLHUGXUFK GHVVHQ $NWLYLWIW ]X PRGXOLHUHQ

)sU 75(0 % NRQQWH ELVKHU QRFK NHLQH O|VOLFKH )
ZHUGHQ -HGRFK ZXUGHQ LQ GHP *HQ GHV 5H]JHSWRU
3RO\DGHQ\OLHUXQJVVHTXHQ]JHQ 3RO\ $ 6HTXHQ] LGHQ\
LP ,QWURQ KLQWHU GHU HUVWHQ ,J 'RPIQH YRQ 75(0 %

ZXUGH F'1$ DXV SHULSKHUHQ PRQRQXNOHIUHQ =HOOHQ ¢
XQG PLWWHOV 3&5 DXI| GLH ([SUHVVLRQ GLHVHU 6SOLF
+LHUEHL NRQQWH HLQH 6SOLFH 9DULDQWHRQ@5(0 % VS



'LVNXVVLRQ 06

$PLQRVIXUHQ QDFKJHZLHVHQ ZHUGHQ 'DWHQ QLFK
‘HLWHUHQ ZXUGHQ =HOOHQ PLW HLQHP ([SUHVVLRQV
ZHOFEKHV l+U GLH )/$* PDUNLHUWH 6SOLFH 9DULDQWH NR
([SUHVVLRQ NRQQWH GXUFK ,PPXQIIUEXQJ JH]JHLJW ZF
JH]JHLJW 'DPLW LVW ]ZDU GLH ([SUHVVLRQ GHV 3URWH}
75(0 % VS YRQ GHQ 7KURPER]\WHQ VH]JHUQLHUW ZLUG X
5HJHSWRUV HLQH )XQNWLRQ EHVLW]W EOHLEW MHGRFK
HLQHU SRWHQWLHOO ELRORJLVFKHQ )XQNWLRQ GLHVHU
GXUFK GDV 9RUNRPPHQ YRQ ]ZHL 7/7 6SOLFH 9DULD
XQWHUVW-@W%FK ZHQQ KLHU GLH 5RO0OH GLHVHU 5H]HS
QRFK LP 8QNODUHQ LVW %HL GHP LPPXQPRGXODWRULV
VLFK YHUPXWOLFK QLFKW XP HLQH VROFKH 6SOLFH 9C
BURGXNW K\GURO\WLVFK#MU 6SDOWXQJ >

B8QWHUVXFKXQJHQ ]XU ,GHQWLIL]JLHUXQJ HLQHU O|VOLEK
HLQH ZHLWHUH &KDUDNWHULVLHUXQJ YRQ 75(0 % VS ZHL
VROOHQ ]XQIFKVW DQJHUHLFKHUWH 7KURPER]J\WWHQ PL
DQVFKOLH%HQG GHU hEHUVWDQG LP :HVWHUQ %ORW D
JRUP YRQ 75(0 % XQWHUVXFKW ZHUGHQ )*U GLHVHQ =2
HLQ SRO\NORQDOHV .DQLQFKHQ $QWLVHUXP KHUJHVWHE
H[WUD]JHOOXOIUH 'RPIQH YRQ 75(0 % JHULFKWHW LV
‘HVWHUIRW $QDO\WHQ HWDEOLHUW ZLUG ,P )DOOH HLQ!
VROO QDFKIROJHQG GDV %OXW YRQ /36 EHKDQGHOWHQ
JRUP XQWHUVXFKW XQG PLW GHP YRQ .RQWUROOWLHUL
*EHUJHRUGQHWHYV =LHO LVW KLHUEHL 75(0 % DXI
6HSVLVPDUNHU ]X <sEHUSU*IHQ (LQ JXYHUOIVVLJHL
6HSVLVPDUNHU ZIUH LQ GHU %HVWDQGVEHWUHXXQJ YR
'HUW 'LH IUeK]JHLWLJH XQG HLQGHXWLJH 'LDJQRVH F
,QIHNWLRQVNUDQNKHLW N|QQWH GXUFK HLQH VFKQHOO!
YRU ZLUWVEFKDIWOLFKHQ 9HUOXVWHQ VFK+W]HQ

$X%HUGHP VROO *EHUSU+IW ZHUGHQ RE 75(0 % VS YRQ
VHJHUQLHUW ZLUG RGHU RE GLHVH )RUP QXU LQWUD]t
+LHU]X VROO GHU hEHUVWDQG YRQ WUDQVIL]JLHUWHQ =H



'LVNXVVLRQ 06

6SOLFH 9DULDQWH H[SULPLHUHQ LP :HVWHUQ %ORW D
75(0 % VS JHWHVWHW ZHUGHQ

%HLP 6IXJHU VLQG7iD& @UNHFRHUD QVFUDSWR/ 75(0/

EHNDQQW 'LHVH XQWHUVFKHLGHQ VLFK VRZRKO LQ LK
LKUHP ([SUHVVLRQVPXVWHU ]XP 7HLO HUKHEOLFK XQG E
XQWHUVFKLHGOLFKH )XQNWLRQHQ %HLP +XKQ ZXUGHQ
LGHQWLIL]JLHUW (V LVW P|JOLFK GDVV GLH EHLGHQ 51
YHUVFKLHGHQHU 7/7 GHV 6IXJHUV NRPELQAMQ@HQ 'LHV
5HJHSWRU 75(0 $ GLVNXWLHUW GHU EHLP +XKQ GDV |
OLWJOLHG GHU 75(0 )DPLOLH GDUVWHOOW (V LVW EH
75(0 $ VRZRKO GLH 6HTXHQ]JPHUNDOH DOV DXFK GDV (|
YHUVFKLHGHQHU 75(0 OLWJOLHGHU GH®& 66RPHUW NRP
NJQQWHQ DXFK GLH XQWHUVFKLHGOLFKHQ )XQNWLRQHQ
YHUHLQW VHLQ $XFK GLH DQGHUHQ 5H]JHSWRUHQ GHU 7
NJQQWHQ HLQH VROFKH IXQNWLRQHOOH 9HUHLQLJIXQJ
EHVWHKW HLQH ZHLWHUH O|JOLFKNHLW GDULQ GDVV DQ
GLH )XQNWLRQHQ IHKOHQGHU *HQH *EHUQHKPHQ

'LH LQLWLDOH &KDUDNWHULVLHUXQJ YRQ 75(0 % VWH
ZHLWHUI*KUHQGH 8QWHUVXFKXQJHQ ]XU )XQNWLRQ GH
,GHQWLIL]JLHUXQJ HLQHV /LIJDQGHQ PLWWHQEWHLQHYV 5t
KLHU]X PD%JHEOLFK EHLWUDJHQ



=XVDPPHQIDVVXQJ 3¢

6 =XVDPPHQIDVVXQJ

&KDUDNWHULVLHUXQ% YRQQ 78(OPPHQGHU 5H]HSWRU D
7TKURPER]J\WWHQ GHV +DXVKXKQV

75(0 % LVW HLQ SRWHQWLHOO LPPXQUHJXODWRULVFKH
+DXVKXKQV 'HU 5H]JHSWRU'FEEHQHW]W RIZHL 7\S HLQHQ
XQJHODGHQHQ 7UDQVPHPEUDQEHUHLFK VRZLH ]ZHL ,7,0
J\WRSODVPDWLVFKHQ 5HJLRQ OLW GLHVHQ VWUXNWXU|
WA\SLVFK LQKLELWRULVFKHQ 6LJQDOPRWLYHQ EHVLW]W
(LJHQVFKDIWHQ HLQHV KHPPHQGHQ ,J IKQOLFKHQ
75(0)DPLOLH XPIDVVW EHLP +XKQ GUHL OLWJOLHGHU XQ
ORNDOLVLHUW 1HEHQ 75(0 % NRQQWH GHU SRWHQWL
75(0 $ XQG GHU SRWHQWLHOO KHPPHQGH 5H]JHSWRU 7!
ZHUGHQ B6HTXHQ] XQG BWUXNWXUPHUNPDOH ZHLVHQ
75(0 % HLQ +RPRORJ GHV KXPDQHQ 7/7 GDUVWHOOW

P 5DKPHQ GLHVHU S$UEHLW ZXUGHQ GDV ([SUHVV]
ELRFKHPLVFKHQ XQG IXQNWLRQHOOHQ (LJHQVFKDIWHQ
6LJQDOWUDQVGXNWLRQ YRQ 75(0 % HLQJHKHQG XQWHU
ZXUGHQ 7% (USH]LILVFKH PRQRNORQDOH $QWLN|USHU |
DQVFKOLH%HQG GD]X YHUZHQGHW GLH 3URWHLQH[SU
YHUVFKLHGHQHU *HZHEH ]X DQDO\VLHUHQ 'XUFK GL
VSH]LILVFKHQ ODUNHUQ I+U XQWHUVFKLHGOLFKH =HOOS
ZHUGHQ GDVV 75(0 % DXVVFKOLH%OLFK DXI 7KURPER]\
'DUEHU KLQDXV HUJDE GLH 8QWHUVXFKXQJ YHUVFKLHGH
YRQ 7KURPER]\WHQ GDVV GHU 5H]JHSWRU LP *HJHQ
NRQVWLWXWLY DXI GHU =HOOREHUIOIFKH H[SULPLHUW Z

%LRFKHPLVFKH 8QWHUVXFKXQJHQ PLWWHOV :HVWHUQ
75(0 % PLW HLQHP OROHNXODUJHZLFKW YRQ N'D D
ORQRPHU DXI GHU 7TKURPER]J\WHQREHUIOIFKGDAMfSULPLHU'
LQGX]LHUWH 3KRVSKRU\OLHUXQJ GHV 5H]JHSWRUV [«KU\
SURWHLQ 7\URVLQ 3KRVSPLDNWDHWH KEHEQ@DXV NRQQWH JH]
ZHUGHQ GDVV GLH .UHX]JYHUQHWI]XQJ YRQ 75(0 %



=XVDPPHQIDVVXQJ Al

7TKURPERJ\WHQ ]X HLQHU $EQDKPH GHU 2EHUIOIFKHC(
'HIJUDQXODWLRQVPDUNHUYV &' [« KUW

(LQ /LIJDQG I+U 75(0 % NRQQWH ELVKHU QRFK QLFKW LG
DXFK GLH )XQNWLRQ GHV 5H]JHSWRUV LVW GHU]JHLW QRF
GUHL W\SLVFK LQKLELWRULVFKHQ 6LJQDOPRWLYH VR
5HJHSWRUV PLWQG6+3GLH ®%5(MGX]JLHUWH +HPPXQJ GHI
'HJUDQXODWLRQ YRQ 7KURPER]\WHQ ODVVHQ DXI| HLQH
VFKOLH%HQ (LQH ]X 7/7 DQDORJH $XIJDEH LQ GHU 9
,QWHUDNWLRQ PLW )LEULQRJHQ LVW DXIJUXQG

2EHUIOIFKHQH[SUHV VLR X YREX UNMKHLQOLFK

=XVDPPHQJHQRPPHQ KDQGHOW HV VLFK EHL 75(0 % XP
GHU NRQVWLWXWLY DX| 7KURPER]\WHRQGHWHQAKQV HI[.
KHPPHQGHQ (IIHNW DX| GLH '"HJUDQXODWLRQ DNWLYLHU)



6 XPPDU\ i

7 6XPPDU\

&KDUDFWHUL]DWLRLQ RR 7LQKLELWRU\ UHFHSWRU RQ F
WKURPERF\WHYV

75(0 % LQ FKLFNHQV LV D SRWHQWLDO LPPXQRUHJXODW
7KH UHFHSWRU SRVVHVVHV WZR 9 VHW [J GRPDLQ\
WUDQVPHPEUDQH UHJLRQ DQG D F\WRSODVPLF WDLO E
, 760 7KHVH VWUXFWXUDO IHDWXUHYV DQG WKH W\SLFDC
75(0 % DV D UHSUHVHQWDWLYH LQKLELWRU\ ,J OLNH
75(0IDPLO\ ORFDWHG RQ FKURPRVRPH FRPSULVHV W
DGGLWLRQ WR 75(0 % WKH SRWHQWLDO DFWLYDWLQJ
SRWHQWLDO LQKLELWRU\ UHFHSWRU 75(0 % ZHUH LG
VWUXFWXUDO SRSHUWLHYVY LQGLFDWH 75(0 % PLJKW EH
717

,Q WKLV VWXG\ 75(0 % ZDV FKDUDFWHUL]HG E\ GHW
H[SUHVVLRQ SDWWHUQ ELRFKHPLFDO DQG IXQFWLRQD(
VLIQDOLQJ FDSDELOLWLHV )RU WKLV SXUSRVH 75(0 %
JHQHUDWHG DQG XVHG WR DQDO\]JH SURWHLQ H[SUHVVL
IURP GLIITHUHQW WLVVXHVY &RPELQDWLRQ ZLWK PDUNHL
SRSXODWLRQV VKRZHG D 75(0 % FHOO VXUIDFH H[SUI
WKURPERF\WHV ,Q FROQDODVW VWRR GLAIHUHQW DFWLYDWL
WKURPERF\WHV UHYHDOHG D FRQVWHhWXWWKH H[ISQEB V VL
VXUIDFH

%LRFKHPLFDO LQYHVWLIJDWLRQV E\ ZHVWHUQ EORW GHF
H[SUHVVHG DV D JO\FRV\ODWHG PRQRPHULF SURWHLQ |
WUHDWPHQW UHVXOWHG LQ SKRVSKRU\ODWLRQ RI WK|
UHFUXLWPHQW RI WKH SURWHLQ W\URMLHRAHY HSBKRVSKLC
75(0 % FURVVOLQNLQJ KDV EHHQ VKRZQ WR GHFUHDVH F
RI WKH GHJUDQXODWLRQ PDUNHU &' RQ DFWLYDWHG W

$ OLIJDQG RI 75(0 % KDV QRW EHHQ LGHQWIKHHG \HW
UHFHSWRU DUH VWKG HXQUSVRIDOYG\GLQKLELWRU\ PRWL
DVVRFLDWLRQ RRWK76¢B % LQGXFHG UHGXFWLRQ RI WK



6 XPPDU\

Lald

=1

GHJUDQXODWLRQ VXJJHVW DQ LQKLESQ/®RINHXQFWLRQ R
75(0 % LV FRQVWLWXWLYHO\ H[SUHVVHG 7RHUHIRUH
KDYH D IXQFWLRQ GLIIHUHQW IURP 7/7 ZKLFK IDFLOLW
LQWHUDFWLRQ ZLWK ILEULQRJHQ

,Q VXPPDU\ WKHVH ILQGLQJV VKWZFRQRADMW. W% WL %HO\
H[ISUHVVHG UHFHSWRU RQ FKLFNHQ WKURPERF\WHV ZLYV
GHIJUDQXODWLRQ RI DFWLYDWHG WKURPERF\WHYV
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OHLQ JDQ] EHVRQGHUHU 'DQN JLOW )UDX 3' 'U %LUJL
YHUWUDXHQVYROOH hEHUODVVXQJ GHV 'LVVHUWDWI
SURIHVVLRQHOOH XQG ZDUPKHU]JLJH %9HWUHXXQJ ,KUH
BQWHUVWW]XQJ VRZLH LKUH IRUWZIKUHQGH ORWLYD
2SWLPLVPXV WUXJHQ PD%JHEOLFK ]XP *HOLQJHQ GLHVH

+HUUQ 3URI 'U *IEHO GDQNH LFK JDQ] KHU]JOLFK I«U G
JHVWHOOWHQ S$SUEHLWVSODW] XQG VHLQH VDFKNXQGL
IDFKOLFKH .RPSHWHQ] XQG VHLQH IX%HUVW NRQVWUXN
YRQ XQVFKIW]JEDUHP :HUW

'DQNHQ P|FKWH LFK ]XGHP )uDX 3" 'U 6RQMD +
+HUBQRU .DVSHUV [-U GLH ]JIDKOUHLFKHQ ZLVVHQ'
'LVNXVVLRQHQ ,KUH NULWLVFKHQ %HLWUIJH XQG LKU N
JUR%H %HUHLFKHUXQJ

(LQ KHU]JOLFKHYV 'DQNHVFK|Q DOOHQ OLWDUEHLWHUQ GH!
.DVSHUV |I«U GLH NROOHJLDOH XQG JXWH =XVDPPHQDUE!
LFK ODULQD .RKQ %HDWULFH 6FKDHUHU ,QJULG 5LHKO
IJUHXQGOLFKH XQG VWHWH +LOIVEHUHLWVFKDIW

'U )HOL[ +DEHUPDQQ GDQNH LFK IeU VHLQ JUR%HV (QJI
VDEKNXQGLJH XQG HUIDKUHQH 8QWHUVW+W]XQJ DP .RQI

"HLWHUKLQ EHGDQNH LFK PLFK EHL 'U 6DUDK /HWWPDC(
+LOIVEHUHLWVEFKDIW XQG LKUH SURIHVVLRQHOOH
,PPXQKLVWRFKHPLH

)*U GLH JXWH =XVDPPHQDUEHLW LP 7LHUVWDOO XQG Il-L
EHGDQNH LFK PLFK EHL )ULW] OHJIJHQGRUIHU $QGI
'‘DQLHQOOH XQG 7KRPDV +RVFKND

(LQ JUR%HU 'DQN JHE*KUW PHLQHU $UEHLWVJUXSSH I+U
LQ LKU 7HDP XQG GLH DX%HUJHZ|KQOLFK JXWH =XVDP
ZHOFKH I*U HLQ KHUYRUUDJHQGHYVY $UEHLWVNOLPD PLW
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VRUJWH ,FK EHGDQNH PLFK LP %HVRQGHUHQ I-U G
(LQDUEHLWXQJ GLH VWHWH NROOHJLDOH +LOIVE
IUHXQGVFKDIWOLFKHQ 8PJDQJ VRZLH I-U GHXQ VHHOLVF
DXIPXQWHUQGHQ =XVSUXFK LQ VFKZLHULJHQ 6LWXDWLR

*DQ] EHVRQGHUV P|FKWH LFK PLFK EHL 'U ODULH /XLVH 1
,VDEHOOH :DOOLVHU XQG 'DQLHOD +XKOH I«U LKUH )UH>
JHPHLQVDPH =HLW EHGDQNHQ 6LH KDWWHQ I+U MHJOL
RITHQHV 2KU XQG ZDUHQ QLFKW QXU LP /DERUDOOWDJ H

(LQ JUR%HU 'DQN JHKW DXFK DQ 'U ODULD =HFKPDQQ XQ
leU GLH IUHXQB®HRXX*OGLIJH (LQDUEHLWXQJ VRZLH
XQHLQJHVFKUIQNWH +LOIVEHUHLWVFKDIW EHL PHWKRGL

%HL &DWULQ (PPHUOLQJ XQG &ODXGLD 5XI EHGDQNH LFK
HQWVSDQQWHQ XQG IU|KOLFKHQ $EHQGH ]X +DXVH KLU
5DWVFKOIJH XQG +HLWHUNHLW ZDUHQ LQ GHQ OHW]WHQ

$OOHQ PHLQHQ OLHEHQ J)UHXQGHQ GDQNH LFHK U LKUH
XQG LKUHQ =XVSUXFK sEHU DOO GLH -DKUH ,QVEHVRC
OLDDJQHU /LVD 6FKDHIHU XQG -XOLDQH -RVW GDQNH LF
YLHOHQ ZXQGHUVFK|QHQ JHPHLQVDPHQ B6WXQGHQ XC
$XVGDXHU 5XKH XQG *HGXOG VWDQGHQ WIQHPRIEK VWHW V
LPPHU ZLHGHU DXIJHPXQWHUW

9RQ JDQ]HP +HU]JHQ EHGDQNH LFK PLFK EHL PHLQHQ (OW
PHLQHY 6WXGLXPV XQG GHU 3URPRWLRQ LP@GU XQWHU\
JHGXOGLJ ]XU 6HLWH VWDQGHQ (LQ JDQ] EHVRQGHUHV
VLH VWHWYV HLQ RIIHQHV 2KU I+U PHLQH 3UREOHPH KDE!
PLFK ZROOHQ XQG EHUHLW VLQG DOOHV GDI+U |X JHEHQ

,FK ELQ VHKU JO*FNOLFK HLQH VR ZXQGHUYROOH )DPLOI
JUHXQGH ]X KDEHQ



