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Roles of Mannose-Binding Lectin on Innate Immunity and Disease
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Innate immunity is the first line of host defense consisting of various molecules against infectious
challenges. Mannose-binding lectin (MBL) belongs to the collectin protein family which takes part of
innate immunity and is able to recognize specific carbohydrates on the surface of a variety of in-
fectious agents acting as a pattern recognition molecule. In this way, MBL differentiates self from
non-self and interacts with other molecules of the immune system. MBL genotype shows various
MBL2 polymorphisms which are responsible for MBL deficiency in a substantial portion of the entire
human population and for susceptibility to infectious disease. Therefore, it has been highlighted in
the relationship between genetic variants and clinical significance. Here we focus on presenting anov-
erview of our understanding of MBL structure and functions.
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‘immunis o A F- STk Wolehe AdE 7197 4309
Ao Z ALd L7t olguld SAH o] FAPS FA
SApgelA BB Algre WA BEsitetE o4 7o
92 gtk 71550 Joiid]. A #HoR WS A
et 7194 Ao ZHE WA S wE Svo|gy &

doH, HAE BrE dF= WA A (immune system)
A 9 HhS-(immune response)S T 02 AFEE Fo
qtolgta & 4 itk

= Al ié‘}b *g‘jéiﬂE A, 714
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o A7 Hlo e AEAZTH
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7IeE 7Y U FLS oA o g v HE e
He kAo R et

ojd whe] x4 WL FEHA WA Y HES
A4ehs WS04 WY whgolgtak vt A7I3E 719
7150l glo] el gk F24<Q whgo g dojdr). W3t
o2 oS ed o] dgez AE, FET oflE d
AAS T Z B FE WY whgolth A WYY F
23 7% T4 shve 5UY9E f=she Aot A2t
&3 2 A AA EHE = #o] BT (cytokine)o] &5
& fredhe 98S gk A4 9y B Fds 45
(inflammation) = E3+EH, oA & dF @Al acute-

phase protein®] ¥4 H .
Acute-phase proteine ¥4 Ul &
St A F 2R AT B B
rombin, albumin, transferrin, transcortin, transthyretinlﬂ‘r z
L gl 2o 9o =57} Z7letE A0 2E Creactive
protein, serum amyloid P component, complement factors,
mannan-binding lectin, alpha 1-antitrypsin, ©] $\TH15]. ©]
= T 7299 vAed AHA] BeS e AoE2e
C-reactive protein, complement factors, mannose-binding
lectin®. 2, ¥ %9 A& mannose-binding lectin (MBL %=+
mannose-binding protein, MBP)oll t3l] Bt} Z[A| 3} A] A&

starz} ek,

MBL 7=

AR FE

AFe MBL 322 MBL2ekTL R =B 109 A4 &
At i dS A= A 9(coding region) 3 /1] in-
trondl 28] EElH o] Sle BA454 4 N9 exonlZ T4



= o] ATh(Fig. 1). Exon 1
o

AXA F4 A5 A Y (signal se-
Q

quence), cysteine-rich 9<%, 4 /¢ Cly-X-Y WHEFZE
A7 gt} Exon 2 12719] Gly-X-Y ¥HEF+2E A& 3t col-

=

Abghe MBL29] AR 34 MBLIE 7FA|3L itk o] & F
22 MBL1Z MBL2E 77} 10q11.29} 10q21 Apo]el] o}
TWA YR8 A THI]. 28 MBL12 exon 33 49| non-
sense =11 9] (stop codon)7} EAJ3}1L, intron 19 splicing
A2 Wrgo] =A Fevh22].

At 2] A3 (mouse)= F 719 MBL FHAS 7HA AL
Aoy ols F FAAE Flo] FEHY & ¢ 2iHE
71574 frdAtoltt. o] F #¥A-E MBL1Z MBL2eFILE &)
At g2 o]§2o2 MBL-ASt MBL-CE1 % 3}H, 747}
Al 143 1990l EAget F ek H(rat) o] B 7
- o GAA S 1AV B2 H9 Bfe 44 94

flel #9) MBL-A 345 AHEsh= B57F Bow, o=
AbEl e o] Abgte] MBL2 ©¥ A3t vpirhA| 2 E Y of
Ast, e eg2r Aldat Agetr] wEoln [11,18].

i I o

A<= MBL monomer T} &2 47§ ¢
®, monomer 3 7|7} 2 trimers 3
oligomer +&& 3443ttt Monomer ©
2 9922 cysteines T3t 9121, trimers} 1 ©]/F9
oligomers &4 wj o|s}s} 2}
e A0E A itk F WA
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ical G4 Atololl EAI3HE collagen +rAkH(collagen-like)
olt}. o] GG A 7}9] ofm|iAt GlyX-Yo] WHEEE T2
5ol 93, trimerE FAE o collagen triple helix TX&
e I Y9522 alpha-helix 728 7H % 9 (neck re-
gion)o] §loH, o] 212 MBLO] trimerE ¥/3% w alpha-he-
lix coiled-coil +Z& YHET} iR T o2 BHR3LE Q14 oY
(carbohydrate recognition domain, CRD)¢! lectin domain®]
C-Zredo]l 918} Ith(Fig. 2)[21]. CRDE calcium Z4] 3}ol
g3l E3 Agst2E MBLS C-type lectin (Ca*’-depend-
ent manner)°|2} k. MBLE collectin familydl] 43ttt
Collectin familyw= MBL €91 % conglutinin, CL-43, CL-46,
3] 3} surfactant protein A$} D (SP-A, SP-D), CL-L1, CL-P1,
CLK1 ©¥lds ¥g3}10,12].

Cross-linking Collagen

Neck Lectin domain/Carbohzdrate
region

domain region recognition domains (CRD)

| T

HS SH
J-H-vvvwv‘wwv—@ Monomeric MBL
SH

\::% Trimeric MBL

Oligomers of Trimeric MBL

Fig. 2. Structure of mannose-binding lectin molecule. Monomer
MBL has 4 domains: Cross-linking domain, collagen re-
gion, neck region, and carbohydrate recognition domain.

251 117 69 3.1kb
Human MBL 643 2K =1,28000 2 -
(MBL2)
5 3
I?rxf(,lsr?é Collagen |neck rcgéggnition
domain region| domain
5

Rat MBL
(MBL -A) 561 ~2.7kb ~704

117

69

Fig. 1. Schematic structure and organization of mannose-binding lectin gene. Human MBL2 gene consists of 4 exons and 3 introns

as does rat MBL-A.
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MBL-2 N-linked &4 (N-linked glycosylation)= &Aj3}4]
%24 O-linked B37} &4 3ttt Collagen A G ol =
collagenx & lysine} proline®] OH717} 7} hydroxypro-
line#} hydroxylysine©] &2 gtH22]. MBL monomer< Al 7}
7} 2o trimerE €A%, 3-671Y trimer/} 2 ThA] 1}
9] oligomers 373 gHrh[28].

MBL 7|5

Self vs. Non-Self

MBLE A4 AAAAE FAste E42A, Hd4 o

WA R A#E 2 9 € (pathogen-asso-
ciated molecular patterns, PAMPs)S %-3) &3k #E <l
2] 2 (pattern recognition molecule)2 9] 7155 gt} sjEl
14 B2 = Toll-like receptor, complement, MBL®] U] 3%
# o HH15,27].

PAMPs= W94 QA9 ot 29 FE2EAEEA
lipopolysaccharide (LPS), peptidoglycan, mannan, ©]& 7=
RNA, Al1t9] methylated DNA 55 &gt} A4 HIA A
o A PAMPs= B9 A7} nonself £ TEEHES 5}
ok MBLe] €l 914 4 7)5s 3 + e AL g
B4 29l 5422l D-mannose, L-fucose, N-acetylglu-
cosamine (GleNAQ) 2.2 7A€ &8k PAMPsE ¢14135}7]

FoltH27]. £3] MBL2 mannose?] 313} 411 &Aool A%
¥ equatorial orientation®® OH7| & Q12)3}=H] o] wjg
M, AR, O 4% FA AT Axdd EAst=
mannose, EE%, N-acetylglucosamineo| Al UEFATH5].
MBLY] &531E 14 & o] & (selectivity) = GlcNAc > man-
nose, N-acetylmannosamine, fucose > maltose > glucose >>
galactose, N-acetylgalactosamine A2 €4 UTH29].

MBLe] #}7] &38}5 -2 (self carbohydrate structure)E
014 Zale & UE o]f+ GlcNAc, mannose B+ fucose
galactose$} sialic acid7} 71 o] 9141& W35 7] wjiolt}
[6]. 28} MBL2 W13 7] -Z(altered-self)= <14)3t=
Ao 4 A Utk A EAVE (apoptosis) 2 0] 7k A EE
AEZA S o] I 3l GleNAcZt =25 o] 2%
gtk 5, A ZANE e A Z ALY 37 A ZE o} A st
2 A 2] 9t AME 28-S FZAIA non-inflammation
S AlE da de A lvHie).

WA Axkske] A3t

MBLE 13473 Al 4§ lipoteichoic aicd, 13574
AT 73 LPSE 4fste] A A ofg A7 Bl &
AAT A7 A AT o FAE Ha e
Staphylococcus aureus®] AFAIHE L8zt ot

Staphylococcus aureus®] MBLe] ZAgFsto] C4¢} C3 HA] <l
249l S, aureus AEAE S/, CB7F ad &ES dHA
Hi, AgA02 3ZFFHNEIN S aureussS A ddte AL =

A} (pathogens) &

o iy

S

7} A7}, E3E, FITC-labeled S. aureusE AH&38H A& oA
BA gAstohs B 02 MBLS AA Y A A4S
SIS A2 YERTHI8]

MBL-null miceS A&+ in vivo Aol A} MBLo] H42
mice7} 45% AEES YERA Aol B3] MBL-null micew™
& 48A17F ool 100% AFEES eI 24]. ol 7
Th= MBLO] S. aureus FES Adeter F83 9 3
A& HAFa 3o

Hiolg e A S 28-S Fa7te ofg 7] ds v
A7 2.1, herpes simplex virus, human immunodeficiency
virus (HIV), influenza A virus 5-& MBLo €A 4 €t}
npol g 2o 7+ H Al X uho]H 2 lysate?] 79 mannose
5 o0& §irstal e glycano] MBLY %2 o] H} o 24
HIVY) Fad9l gp120o] MBLo| A 3lal, dojo] BAS
23lstAl i)

Tgo] AlEB o F Qa3 A#-E mannano]th. wekA MBL
& Candida albicans, Saccharomyces cerevisiae, Aspergillus fumi-
gatus 53 L& FFold ofF gt o] £A Adste] T
Fo] whgell 83 7153 Itk CandidaE ZEAT FA
MBLS] €% F&e g A ool 25% = 7H4g Hhd man-
nan 59| [gG9} [gM¢] FE= W3lslA| ¢ote

—=

fr My o or

HEI

ro,

Ao g A5, MBLo| AR Fudo] w3l ¥ 2
ditke A AARETH26).

MBLS 2X &4 JIs

o}F Fad 9TE drt ClollA 92 FAE T
) el A B8 Jel 2 EA5itr} o 2209 93|
et A EE, 2 74 o] A2 E48t of
oA &4 Axers 3 doH14]. 243 B2
sical pathway, alternative pathway, lectin (MBL) pathway
Al ZEA7E Sho o714 = MBLI} el E 2o thal X&)
=5 stk

MBL-& mannan-coated 48 FE A7} £8A17]=d 2
L% Aoz HALAINR0], 27] ATFAGE o] Bl Cart
Zostv] MBLI BA L 2HE #AV} ke AS ol F
ATH13]. Et} W& MBLY HALAY w7lvs 242
mannose-associated serine protease (MASP)2t= MZ & ©
B Felaart EE o) Folnh. 449 MASPE Clr#t
Clso} 38-39% 9] 4&/4d& 7HA1L At o5 Al Bde C
Ut serine protease domaing 7HA| 3L §loH, N-Tihol =
epidermal growth factor (EGF)-like domaing 7}FA| 3L §lt}.
752 2% MSAPE 279819 Clsot 2o] 49 28 Hdd
I 3] C3 convertase B43-& 7HA= C4b2a HHAE FA¢

!
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tif

Human MBL 24 TCEDAQKTCPAVIACSSPGINGFPGKDGRDGTKGEKGEPGQGLRGLQG

Rat MBL 22 TCEETLKTC-SVIAC----

————— GRDGRDGPKGEKGEPGQGLRGLQG

CD E

Fig. 3. MBL2variants. Both human and rat MBL are aligned and locations of single point mutants are indicated.

o o] AL A9 Clqh #sHA] ¥ EAEE H 2o
ok AA7HA Al F79 MASP (MASP-1, MASP-2, MSAP-3)
7h 7 E o] 9lom, MASP-13 MASP-2= M Z the 37
o 93] THE0] X1, MASP-32 MASP-19] alternative splic-
ingol 93 THE|AH C—““:‘rA serine protease -]
MASP-13}+= tHE2t}h MASP-2 §#329] 79 alternative
splicing®ll ©] gt Tl A o] YArE|L} serine protease F--0] 7
8 EA5A ¥ D EZ A MAp19Tha v ®H2,23].

a8y, AA7EA ezl vrE s MBLo| BAE 243
7171 A3 A = MASP-29F AFH-S slof &lH, 1 g Hl&S
MASP-2 dimer”} 2 7§ €] MBL trimers} 2¢-S dfjof &t A
o7 Bugo] 9t} 3 Fuj2 AL MASP-27H] lectin
complement pathwayS 7§1A] & 4 9lom, MASP-13%
MASP-3:= ©] 7]5& 834 %t dshd MASP-12
QE MASP2A4 9 Aed ¢ 3o}, MASP29+= 2] (45
AGE 4 glo] Cdb2a EFAE FAFAI71A Kah7] wiEolt
[131]

MBL ®EX} 0|9} HAAE
MBL¥% AWzl d#4S At FAAA A<l
MBLY s&7} 2= 2 ddstA =3leH, MBL2 #+4
Ap A o] o] oAtk Algtel] SlofA 6 F5e] Wo]7t WA E]
=H, promoter A 2 7 (-619G>C, -290G>C), HIH Y A
1 70 (-66C>T), exon 19| 3 7}(Arg52Cys, Gly54Asp, Gly57Glu)
54 wo)7} B 5o} 9Ith19]. Exon 19 o}w]i=jto] (| gd
3 7k & o] collagen-like % ol $x]3}H, o] EAH
o|& 77} D, B, C Wolekal skal(Fig. 3), ol sl B/ ti¥
FRAAE E]'—’ gith. D, B, C Wo] o= sfuete EAste
MBL2 ¥ 325 Ogfal £@ gt webs B 45
7 SFFAFAE AJAR FASLL, A FrAAe wol £
AZE 7H ol FHTAE A/OZ FAISHH, ¥lo] FHAE
7H oA e FIHIAE 0/02 FAGH
opw]izito] X gd 3 7)o EHMo] MBL @A trimer
FAo FlE T AAHgo 7 uzt F2E FAA £
o 3 MBLY MY E XA §5H 02 MBLY 7%
= A7l ZeE ¥EA Aok § A w=2d
Caucasian 7]9 1009 ¢} Al glojA N ) MBL 55 &
ZAFEGE W, A/A %ng}j‘;—ﬂ A4Q1 74-%- <k 2,000 ng/ml, §HH
o A/O ol FARI 45 °F 1,000 ng/ml, O/O o] &5 A

ol 7% 100 ng/mlol = 3 vAE AoZ YETH5].
Ho]Z Q1% MBLY d Y| AsEe Mg HIZPoR

A, PFH Foze A A7 Y (autoimmunity)

o Ao FtHE ASE Yehdth 79 #¥d A2

7UOd
HE Ao ZH MBLY F248E % 5‘-3}31/4 JE}. HdF
© 2 Qlste] F3A A JAg 19799 dvt=a
FAAE S HARRE 27 AW A JHLTE L %oﬂ o]
FHAE 7 de AoZ2 B A7)

ojgo] Ao JU3 1009 <] ool & Yo g 3
ZAFA MBL2 E9R0] FHAE B4 ofdol7t A% &
AAE ofdole}t HwstHlS W systemic inflammation re-
sponse syndrome.Z == JPE] 7 vt} =3hoH3].

o] ofell= MBL €9 Wf Axg Qg #4d 9ol tgd
A= oFF Bo] Baxof glo] MBLY T84S YE 1
Ut} o 2o AFE MBL2 F3AE T AH 7He 45 A
9 MBLY ¥&& = 4 e & 81ld 7AA = o 2
RAOZ o g, o] A7 A7=Z MBLY 44484 T4
dol s F7HE Ao g A4
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