HPEZALITE 46 (1) ; 3-9, 2022

=2
CHRIV I F U ZBERDER R A FaBakbER R &6 L
RIL fefir, L
RBCRAEBAERIITETT, %7 0> 7 4 THigEe 5 —
£

AW DML LR TN FE I E A ORSHIBEIIC L > TELNTB ), KL ORBEMIIZIREY
(ZHISRT B8 B & OB 2 R A ISR LIRS E 2 BT 50 SO ICHIBOHE % &
IZ& o TELHOCHROREH S X OBIRE b AARICHR ~ ORI X o TR S, *
EINEZG &R T, CHML YTy ZHEEIIERMEC~ 7 07 7 — V7% EORIEMILO L
HZFEBL L RIS 3B\ TR EAR R RS F CHR ORI 2 i B X OVBENRH 2 J8ak L.
YA DAL VEERAR LR EDRIRINE L RS 2, CHL I F U ZHFKIINS R CRML Y

F Y AL &S LT B, BEIRE. IRE. &EOE. MW ER EOZME L) T

N &R A RERRT %o

AENECRL 7 F ¥ FAAL VBT 5 S 8k% ) 77 > FREEEEAE 2 WS4 W00 2 0 1 2

TR THIT Bo

F—"— I : Innate immunity, Pattern Recognition Receptor, C-type lectin receptor,

Ligand recognition

1. [FUsIC

=B otkodix, ShEh S o RIEICH 2 3l S
TW2 DA% 5T, WNHETIEM 2 THEE OOk
BALELTWD, THEDONEIEIZL D) OB
LA DRERTH b, /85 — Bk AR (Pattern
Recognition Receptor, PRR) &3 = 4 Fillia7Z &1
FEHLL. SRIEIE O AR AR ER R T8 8 —
VRWMGIRERS TNy — U RBBRLUTHA AL O
A oru7 7=Vl 5AREMRT.

PRR &, #Millekiis X OCNETH CRL Y F %
71K (C-type lectin receptor, CLR) & Toll £ % & 1k
(Toll-Like Receptor, TLR). #ifg& T < NOD kg%
f& (NOD-like receptor, NLR) & RIG-I BZ %Ak (RIG-I-
like receptor, RLR) K& 4207 7 I —IZ5H%
shz M, PRROY A ¥ FREMBHLZIO2ICT 52
S WERD B I RS A G B RIS O B
WKEETH)., S oITRERIGLR OBFE 2 E oI

B RIL M. L &

T 5650871  KBRAFWREH T 1L H F 3-1

TEL : 06-6879-8307

FAX : 06-6879-8308

E-mail : mnagae@biken.osaka-u.ac.jp
yamasaki@biken.osaka-u.ac.jp

| D WFF SN b PRR O GIEISE NG & 3125
FIv I LY IPBATHEEND Y. 9 LznEiE
TOETAEALIC X B IEYHEY R 7 O¥KICH G- 20
BetEA B

CLR @431 =13 %) 30kDa & U2 @ PRR O H T/
TH Y. W UHMIERETH < TLR (90 ~ 100kDa) &
WARTHEBMIT/AS WV, L L CLR IZFESH A & & H
B RS TR B LR ) v R R L.
IR S AR OEFEOMERE £ TIRIE S TS % 2%
REEE LCEERBHEXZ2 LT3 ¥ ARZ CLR @15
A7) A Y FEREBERE 2O TV E OB D S RS
5,

2. CBUIFUREEDY JF VGEKRE

CLRIZ I REEHETH D N Kl 5N o
By 7 FVvEF—7, LHBEE@ENY) v 7 2, #ilast
DA =V HEBEFET, CRmHMOCHRL s F ¥ FX
Ao ~NEEr2 (B 1A). CLR 25#ifasto CHL 7 5
VRAAL VENLTUF Y RERET AL, ZOFEHIT
ML L Rb ) BN E DG S b, CLR O5fE
BTN D Y 7 FIVEF =T I2L o THESN TS
0. BEREMIC BB 2 AR & G TR L AR o 2 FlEIC R
plEns W B2 AR HILC Inmunoreceptor
tyrosine-based inhibitory motif (ITIM) & I 1L %
EF—T7%NMLTC SHP-l ZEDTFRY YT+ R T 7



CRLIFYVEREXAY TEHEYAHF
(A) (B) R & hi-tEk
(FRULESED)
, ZRFI LIS
ca B oMk -
C pa Ca** \
ﬁﬂlﬂﬂﬂﬁﬁk R I'“ - 7ﬁﬁ B3 caz
B2
R E R TFIVEF—7 a2 BS5
N ITAMI:7&E Bl al
HemITAM N
ITIM c
©)
ey /o2 A3H k=2
EPNEF—7 QPDEF—7
E Q
P P
N D
1 CBUIFUZEE (CLR) ECEILIFY RXALVDIEE

(A) CLR @D XA VBEDERKK, MiaNDY I ILEF—T (& 3BEICKRIEND,

(B) AL CRLITFY RAASVDIFEEE LT, YV / —AEEERE (MBP) SiEHEEGHRDILIFEEZ
mUfc. EBEBZUNRYR DIV D LA F VERRET IV AEHY 52 RERT 1w OETIVTRUTC, Fe N Kk (K
FN) BLUCKiR (MHC). ZTREECTHE2DD aNUy IR (al, a2) E5DDBARITVE (B1 ~BD) Z
SNIVTRUEE (Ef). BRAICMBP ODFREETILZRU. DLV DLAFTVERUOEHIAY REHEETDE
EBICRESNCET—TJZREBERUC, CELITFTY RAALVIERESNCRECEROREOmSTYHY FEE
BfFHT & CETERECHFENMZERST D,

(C) CRILI T RAA 2 DEYEDHEAE . EHDOLURHICEDD 7/ BAZRT v IETILT. DLV DL
AAVEEBDRRET IV CR U, $EHEOHEERICEDDKREE CRABEZRIRCRUC, FR#8OFNEF
D8HEFEPN EF—7 (ER) BULIFQPD EF—7 (Bfl) LHEEMFATD. 2DDEF—JIFKFRBED MF—
ET O ETI—DABREFRNIRMICED cHIFRMEICERDE D,

F—X¥xRMNLTHY VBILDY T FNERET S, —
Jiv S AR E BRI T 2 7 5 — 55 F T
& % FcRy X DAP-12 72 £ ® Immunoreceptor tyrosine-
based activation motif ITAM) 274k & O HAEHER
fr 2 Fo A ITAM 3R, Ml # 12 HemITAM &
HENDEF—T7 %80, EHbHH Syk b oFu v
FF—¥aRELTY YBILDY 7 F L ELEET 2
BRI W L ICCLR DA% 55 Siglec 2 EDE L @
RERZHEEDS ITAM ZHEEZ AL TED, Ll
L7078 —5FENLTHINICY 7PV ERET
5o

3. CBLUIFU RXAA 2 DYEHEREE

CEILZF Y FAAL VIF130~ 150 7 3/ ERERIE D/
EHRFAL Y THY, SLY 7Y Filikzr —FI2 &
ZFTwE (B1B)s FAAL Y@ FANZIZES A
HY. T O RO I E R S N FH
(1B &) bbb, #VIIal+ 2L Ol
L OMERRE ) A FaRikdT 5, CRLIZF A
Y0 CT AN LD CTHD,) CLRITHEH 2~
ABIEONE R BT HH5 T ORI [t & 7 5 HifE
O] L TR o] coscads (K1

BA). & 7 2 HHIIKBEEZALTHIL I T L4
FrEEMHEAEL. E5ICEPN ¥7213 QPD EF—7
EIFIEN B RO T I Vi KEFBEEEETS (K1
Clo CHOEF—ZIZHBEICH T HEHERMEZIHTED,
—fEIZEPN EF— 7 lE~v v ) — AR NI — R LS
L. QPDEF =73 HIF7 P—RLHEET S, LD
PEHORBRIICLR CLICEHADT I R E OMENEH
Lo TIEEIN TV D,

PGB IR B 2 CLR AV V7 2 A F VK
HFWCY Ty FERET L5 TBE. &AH. K574
B MR E RSO ) B FICKR % CLR 0%
CEHNTT LA F VKT HHEERELKSTBY, &
W BAF VIKAEIZ) T FERET 5.

4. EREERERENZ3 DO CLR DU A RE3
HerE

WBRICRESN2PME O LM IIME L DL HEB L O
WIRE CHREICIEDLNLTBY, RrORERICE -
TIZHMTH 2P O» D CLRIZCNZRANTE %,
ARTHE TR, MEREREICRHERNYZ 320 ITAM &
% BG4k CLR. Macrophage-inducible C-type lectin
(Mincle). DC-associated C-type lectin-2 (Dectin-2).



2= 3
(A) Cat
. TDM
- sra—22
Jna—21
yua—zi 172 V173
carr E168
R182 N170 V175 »
=P P195 =
N182 ZNaA-R2  F198 F197
E135 D193
N E176
c
B C
G) (©)
= vy — RYESH 1PM2 R¥/=R
) %y /—21 1685179
E‘ Ca? w182 Caz Ca?
[
E168
=3 170 N190
o
= v /=2 f\‘ 190 ca* E174  pig1
Q Ca2* D191
>
00| E174
R198 V192 ACP|M2
% 1133 g
@ Mannose E
NcC N
K2 {EREVEIRERENE CLR DU Y NEREEE
(A) Mincle & ~LJ\O—2 (Glc a 1-1Glc) EDEEKRDEEESZEERICRURZ. Mincle Z4 L > YBOURVE,

NIV D LA F VEEBDIRRET )L NUN\O—R%ZRT 1 v IETILTRUIE. TDM DIEEESEZEARITRU. sL/\O—
AT FEEU A RDSHUD 7 VIVEDABZ BRI TRUE. Mincle & U/ \O—XDAEEEADsE#7Z R A
[CmUfes hL/\O—AD2 DD T )L I—REEE Mincle EDKFRBEB KORMES EIRDORE Uz, Fiz Mincle
DUAY MEAICES T2 7= /BZSN)LL. FICRERERICES T 2KE (E135, R182) ZReaToN/LUT.
Mincle DERK DB ZEHIRARISRUTC. Mincle #RETETIVC. DLV D LA F U EEBORRETIL. bU/\O—X%
AT A4VIETIVCRUIC. b\ O—REEEMLIEOEKIEDEZY 7V ICEBL. FTRIND P VIVEDREAOZS
KENCRUTE,
B) Y /=ZMUR7ZIE/X>F > (ManLAM) DZEERD DR ZERIICRU. Dectin-2 O (Man o
1-2Man) ZFHR#TI\A 5S4 hUTc, &fc Dectin-2 &A UV /—2fE#EDESHOREREZRRICRLET, &
ABELEEOURVE, AU /) —REEEAT AV IET IV, DLV ILAF VEEEDHIRET IV CRUE, T5HIC
Dectin-2 EEE8DOPINEED 2 DDV /—2EE (Man a 1-2Man) EDOHEBEERDFlEARAIICR Uz, Dectin-2 D
UAY MESICE5 27 /BZEIN)LL. BICREIISRECES 7= /B (W182, R198) #RETINLUIE,
(C) DCAR & AcPIM2 D¥EsEERS T IPM2 (Man a 1-2PIns a 1-6Man) &DEEEDEESEELRITRUIZEY,
ERBESEDIURVHTRU. DLV D LA F 2V ZEBODRIRET L. HBEEEAT v IETIVTRUIE, DCAR D IPM2
SR R(ICRL, BRICAS5TD 7 /BZEAT v IETIVTERRUL. INLUTE, &z AcPIM2 DIb=#EiE7%
HRITRU. IPM2 OEDZRE U, FRSND 7 VIVEEOEEERZA MIICRUTZ, AcPIM2 D3 (CBES T D
F= /8 (133) Z#YF7UTEBL. BESNDF VIILEDBEABZEREHTRUE,

Dendritic Cell ImmunoActivation Receptor (DCAR)
WHERZ S TTY A Nk e e i3 %,

Mincle AW OMNBBEPE SO —FTH 5 b L
N — A Y I a— )V (Trehalose 6,6-dimycholate,
TDM) %IFSEMICEEFR L. IEET A A A v &
L WSROI & 3 2 BY0 TDM 1312 S
ALEH 28> 2 & 205 Mincle 24819 & L2H M T
Vany FILEWoREsED ShTtns 7

Mincle ® CHIL 7 F ¥ F X £ ¥ O 5S35 50
HENTBY B TDM OREHEEMETH S b La—
Z (Glcal-1Gle) W #E Mo TDM 7+ v 7 % Hw T
VA Y PGB OB ED S Tw b, Mincle &
Mo —2 L oBEEROMNEE (BH2AK) 2
Mincle 255 [E =2 K EZH GOy b =2 %A LT ]\ %
NA—2A %L TWDLZEDPHLNI R/ (B2A

SR, BLEZEWC &2 TDM O 7 Y VIEPMES 575
FNCBORYET 3 2 BEASEMICH M L2 EAE e LTz
(B2Af). BRAEFITLHTENFYI2ab—Yay
ZHV=EE 25 Y. Mincle 13 2 OBUKEO#EE S L
TT7 I VHEEE R L T2 feE27RIE S 72, Mincle
I TDM DA AR o e LTEa Y Host
BRI E CHDHIL AT — N aD- ZFhad kI s,
WHEE) 7y e LTHIRED—fiTh b 8- 7 vay
Nt 3 P R,

CLR IFFEZEA K E ., @R T OMKR L. )7~
RIS T2 B8R E0EET LI LT o8 E 5
Twhb, B h&<w 2D Mincle ZIt#$ 5 &, £2ED
TIJEET64%. CHL ZF ¥ F A4 ¥ T71% DY
—HENDH S, & M Mincle 3/ HEY 7Y FE LT
BEOIRER S TH A7) L a—VE 33—V,



WEMY Y FELTaLATFa— Vi &2 38is
%W L L= A Mincle 3R 5D H > FIZKG
L7\, 29 L7z Mincle ®AWFEKGFER 72 ) &7~ KR
ARIZAEAL A RO U 7 A0S A O A AFBRBEAS R S T
HDOMH LN,

Dectin-2 IXHUBE W OBEIRE IR 73 CTH B~ v 7 — A fH0
VETFE < rF >y (ManLAM) % 4RI L.
RIEVES A DA A v &L S Y ManLAM 1, 7 ¥
WLER AT 7F I VA ¥ b=~/ —Z (Acylated
Phosphatidylinositol Mannoside, AcPIM) % BRI #5455 &
LCTHbH, 220 MMRELAETIE ) -~y /) —A
0% ERBEHBSEROO M THL (K2
B#A). Dectin2 ®CHL 7 F v AL v EeF) TV
J— AL OB RO SRR HE s Y 2ok
1T Dectin-2 i ManLAM % % ¥ V¥ o< v 1
KhbEFEns~ry / —Z 28 (Manal-2Man) % 5812
ML TVBZENWLENICh -7 (R2BHR), =
DOEMOBEEIE, ~ ¥ ) — R 2HEOBRICRIG B X O IRE
IR OW AN TEY . ¥ ) — APREHHIRICES
L7249 2R 7Y FICH LTRSS X ONEOT )7
WA TH DRI H D, 29 LFk i ilikiklid
ManLAM < v F D X ) RERBZAY) v Fed
MWEEMICENTH L L Z2 505 W,

DCAR 3 #5 B W D HM IR 2 HEHL 3 2 BEIRE o — D
AcPIM % #i#3 5 CLRTH . MCP1 % #EE L T
Thl &% % # %3 5 ™, DCAR & AcPIM o ¥ 5 B
DTHHEAFAL ) VF K</ —A (IPM2, Manal-

(A)

RKE77=v
TESH

(B)

TIF714FAVF
CLEC9A

3 CLR O#E#EUSNDY 2 NEREHE

2PInsal-6Man) & OHEAKOM LD S " IPM2 ©
20HBH< v ) —AKIEORFFDAEI DCAR LA L.
LIORTTDO<Y ) =AY Y LA /¥ b= VIEREA L
Twiho7z (H2CHR), D70 IPM2 OiEH
K721 Tld DCAR @ AcPIM (28§ A4 BMEAF W T
Ehholze b DICHAKEDT I VAT ¥ IVEOM
RLELZHIMIMELTBY (R2CH), ZRKER
75 DCAR W~ Y/ — A LT VIVIEDOW T % ik $ 5
Z & T ACPIM % BT TW AWM AMRIB S /e 2
DOBKMEOFEDE X Mincle & 3R ->TBY, 20
EWET Y VEOMESMOENE KL Twb L& x
bNb,

5. CBILIFY RXAVDBIRIEY 2 RERHEKE
PES DD W 1d, VA Y FoOEEBLE: b
) ERWIER OEAOHTRL SN AR & EHE L
DKRFERGETH S, SOITHREOFEMRICBVTIX, B
B ORI Z T T ¥ VIO D 720 DB 2 %75
VLD, —F. ZOMD) F Y PRI E D %oT
WD DH

CLR OHIZIIHEH E RTF FOM 287k L. K%
OHEENLEZ VATV FET25008H 5, TOREN
72 BH C-type lectin-like receptor 2 (CLEC-2) T 5%,
CLEC-2 i HemITAM % F#2{f AL CLR TIHi/MRIZFE
HL, VFY FOEEITL ) IM/MUGEEZ T &9,
CLEC2 13V v/ ICB L& OE, RV To=>
&S IR IR SRS EARAT I\ EAERT Ly s & Y

aFyaF>

CLECY9A

(A) CLEC-2 &R RTISZ UV EDEREEE (KA BKXUOORYAFUEDEAGKES (HA) ZRUR &,
CLEC2 ZB5EDUMYRTRU. RIS ZVOERERD ZREOXRETET /L. HEHEEDZRRETIVTRUT,
FEORSAF YT VORBEETIVCR U, 2 DD IE CLEC-2 DEEEHIZR TERR U,

(B) CLECOA &7 OF VT 4 SAY hEDEGEDBRIESE ©Y, CLECOA ZFREDURVET, PIFV T 45X
VR 3PFEREOREETIVCR U, 19FD CLECOA BR3DFDF7oF > EBEICHEERL TS, BEE

AR ZARICRUTZ.



YONE DR EE 2 REH 2 R LTwd P, CLEC2
ERFT T =0 EOBAEROMGHERE ™ 5, RS
= VIECLEC2 D F AL v OO THSE 7 3 /%
OMGEALTHALTW: (A3AE)., 20kH 7%
BLOWHI MR Z IS I, HEoRZ ) TV
K& LBaE LD SIS LELE» S L
v, HEEAETHL0 K4 F 2 H CLEC2 DY
HY RTHDLH BnZeiou 445 2 dmedE
KA CLEC2 A LTwie (R3AH), 220
CLEC-2 U # ¥ FidMib o 2s 3 h sz, BTk 24
HGHEE LTB Y. CLEC2 Ok 38k kX2t & 2
o7z,

B CLRPERZEHE 2 R#THHE LT,
CLECOA &7 2 F > 7454 b OMEMNZMAT
%, CLEC9A 13 HemITAM % $:2if 1k CLR THEf
LzfifaZze & oiiishzzr7 2574522 b 2ik
WY B 7T A A BT BSOS Y 5
147 CLECOA 28 3 43107 2 F ¥ & WK AH B A%
HALTWBZ EBHLEMIR -7 (B3B), CLECOA
F32007 7 F YOREIZAEUZBIZIZT VAL LI
MEAHLTBY., 29 L@t c®L s+
FAL VDX BNSHBEHEDN T 45 A v MROEX
DT EBRTHIDIGE LA DAL THDLEEZ DN
5o

6. bbbl

AEIHROEZHIRTH S CLR OV 7 v il
il 2 ST S OB S L 720 —FB> CLR IZH 8
aaJ A4 VA (SARS-CoV-2) DIEHZEHT 5 LD
WEdH Y V) H Y NRERERE O O EE IR 4 5
ToTWw2 P F R % T % CLECI2A ™
R, FLETYTIANVARHRBETIA VAR EE DM
HAEF A ST v A CLECSA 7 7 L BLRE )
PEOD KM TH Y. SHROMFEOERELE  FEN
%o I DOBIE AT A 5. CLEC5A B X U8 CLEC7A
(Dectin-1) D@IZTLERA 70— VR EMBET L L
BHEENB L, CLR OffkE L RBEREILE DY
MICEHLEMRESH A5 5 P, 4%, 2Lk
Wigeid—Ei 2 << % L MfE s N5,

AL CTNE R CLRAVNE R CRL ZF ¥ F R
A VR MMCEREL TSR Y 7Y FERBILTWD D
M FOAHZALDHHAS PP L THmbIUIERET
H5b

5| Rk

1. Cao, X. Self-regulation and cross-regulation of
pattern-recognition receptor signalling in health
and disease. Nat Rev Immunol 16, 35-50. 2016

2. Molony, R.D., Malawista, A., and Montgomery,
R.R. Reduced dynamic range of antiviral innate
immune responses in aging. Exp. Gerontol. 107,
130-135. 2018

3. Brown, G.D., Willment, J.A., and Whitehead, L.

10.

11.

12.

13.

14.

15.

16.

C-type lectins in immunity and homeostasis. Nat.
Rev. Immunol. 18, 374-389. 2018

Del Fresno, C., Iborra, S., Saz-Leal, P, et al.
Flexible Signaling of Myeloid C-Type Lectin
Receptors in Immunity and Inflammation. Front
Immunol 9, 804. 2018

Ishikawa, E., Ishikawa, T., Morita, Y. S., et al.
Direct recognition of the mycobacterial glycolipid,
trehalose dimycolate, by C-type lectin Mincle. ]
Exp Med 206, 2879-2888. 2009

Matsunaga, I., and Moody, D. B. Mincle is a long
sought receptor for mycobacterial cord factor. J
Exp Med 206, 2865-2868. 2009

Williams, S. J. Sensing Lipids with Mincle:
Structure and Function. Front Immunol 8, 1662.
2017

Furukawa, A., Kamishikiryo, J., Mori, D., et al.
Structural analysis for glycolipid recognition by
the C-type lectins Mincle and MCL. Proc Natl
Acad Sci U S A 110, 17438-17443. 2013

Feinberg, H., Jegouzo, S. A., Rowntree, T. ], et
al. Mechanism for recognition of an unusual
mycobacterial glycolipid by the macrophage
receptor mincle. J Biol Chem 288, 28457-28465.
2013

Feinberg, H., Rambaruth, N. D., Jegouzo, S.
A., et al. Binding Sites for Acylated Trehalose
Analogs of Glycolipid Ligands on an Extended
Carbohydrate Recognition Domain of the
Macrophage Receptor Mincle. ] Biol Chem 291,
21222-21233. 2016

Soldner, C. A., Horn, A. H. C,, and Sticht, H.
Interaction of Glycolipids with the Macrophage
Surface Receptor Mincle - a Systematic Molecular
Dynamics Study. Sci Rep 8, 5374. 2018

Nagata, M., Toyonaga, K., Ishikawa, E., et al.
Helicobacter pylori metabolites exacerbate
gastritis through C-type lectin receptors. ] Exp
Med 218. 2021

Nagata, M., Izumi, Y., Ishikawa, E., et al.
Intracellular metabolite beta-glucosylceramide
is an endogenous Mincle ligand possessing
immunostimulatory activity. Proc Natl Acad Sci U
S A 114, E3285-E3294. 2017

Hattori, Y., Morita, D., Fujiwara, N., et al. Glycerol
monomycolate is a novel ligand for the human, but
not mouse macrophage inducible C-type lectin,
Mincle. J Biol Chem 289, 15405-15412. 2014
Kiyotake, R., Oh-Hora, M., Ishikawa, E., et al.
Human Mincle Binds to Cholesterol Crystals and
Triggers Innate Immune Responses. J Biol Chem
290, 25322-25332. 2015

Yonekawa, A., Saijo, S., Hoshino, Y., et al.



17.

18.

19.

20.

21.

22.

Dectin-2 is a direct receptor for mannose-capped
lipoarabinomannan of mycobacteria. Immunity 41,
402-413. 2014

Feinberg, H., Jegouzo, S. A. F., Rex, M. J., et al.
Mechanism of pathogen recognition by human
dectin-2. J Biol Chem 292, 13402-13414. 2017
Ishikawa, T., Itoh, F., Yoshida, S., et al.
Identification of distinct ligands for the C-type
lectin receptors Mincle and Dectin-2 in the
pathogenic fungus Malassezia. Cell Host &
Microbe 13, 477-488. 2013

Nagae, M., and Yamaguchi, Y. Three-dimensional
structural aspects of protein-polysaccharide
interactions. Int J] Mol Sci 15, 3768-3783. 2014
Toyonaga, K., Torigoe, S., Motomura, Y., et al.
C-Type Lectin Receptor DCAR Recognizes
Mycobacterial Phosphatidyl-Inositol Mannosides
to Promote a Thl Response during Infection.
Immunity 45, 1245-1257. 2016

Omahdi, Z., Horikawa, Y., Nagae, M., et al.
Structural insight into the recognition of
pathogen-derived phosphoglycolipids by C-type
lectin receptor DCAR. J Biol Chem 295, 5807-5817.
2020

Bertozzi, C. C., Schmaier, A. A., Mericko, P, et al.
Platelets regulate lymphatic vascular development
through CLEC-2-SLP-76 signaling. Blood 116, 661-
670. 2010

23.

24.

25.

26.

27.

28.

Nagae, M., Morita-Matsumoto, K., Kato, M., et al.
A platform of C-type lectin-like receptor CLEC-
2 for binding O-glycosylated podoplanin and
nonglycosylated rhodocytin. Structure 22, 1711-
1721. 2014

Hanc, P, Fujii, T., Iborra, S., et al. Structure of
the Complex of F-Actin and DNGR-1, a C-Type
Lectin Receptor Involved in Dendritic Cell Cross-
Presentation of Dead Cell-Associated Antigens.
Immunity 42, 839-849. 2015

Lempp, F.A., Soriaga, L.B., Montiel-Ruiz, M., et
al. Lectins enhance SARS-CoV-2 infection and
influence neutralizing antibodies. Nature 598, 342-
347. 2021

Neumann, K., Castineiras-Vilarino, M., Hockendorf,
U., et al. Clecl2a is an inhibitory receptor for
uric acid crystals that regulates inflammation in
response to cell death. Immunity 40, 389-399. 2014
Sung, P. S., Chang, W. C., and Hsieh, S. L.
CLECbH5A: A Promiscuous Pattern Recognition
Receptor to Microbes and Beyond. Adv Exp Med
Biol 1204, 57-73. 2020

Elleisy, N., Rohde, S., Huth, A., et al. Genetic
association analysis of CLEC5A and CLEC7A
gene single-nucleotide polymorphisms and Crohn’
s disease. World ] Gastroenterol 26, 2194-2202.
2020



Structural basis for the versatile ligand recognition mechanisms of
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Abstract

Bacterial and eukaryotic cells are covered with species-specific glycans. Thus, our
Immune system recognizes these pathogenic glycans and induces immune responses. Also,
the endogenous glycans and glycolipids released from damaged cells are recognized by
our immune system as danger signals, leading to specific responses. C-type lectin receptors
(CLRs) express on the surface of immune cells such as dendritic cells and macrophages.
CLRs work as sensors for these immune-reactive glycans and glycolipids and modulate
innate immune responses by producing various cytokines and promoting phagocytosis.
CLRs accept wide range of ligands including glycans, glycolipids, lipids, proteins, and
crystalline substances via small C-type lectin domains.

In this review, we introduced the versatile ligand recognition mechanisms of CLRs from
structural points of view.

Keywords : Innate immunity, Pattern Recognition Receptor, C-type lectin receptor,
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