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Genetic Polymorphism in Proteins of the Complement System

Hyori Kim, Ph.D.", Dobeen Hwang, Ph.D.?, Jungwon Han**, Hwa Kyoung Lee**, Won Jun Yang’,
Junyeong Jin**, Ki-hyun Kim?, Sang Il Kim?, Duck-Kyun Yoo**, Soohyun Kim® and Junho Chung, M.D.>***

Institute for Life Sciences, Asan Medical Center, University of Ulsan College of Medicine', Cancer Research Institutez,
Department of Biochemistry and Molecular Biology3, Biomedical Science®,
Transplantation Research Institute, Medical Research Center’, Seoul National University College of Medicine, Seoul, Korea

The complement system is a part of the innate immune system that potentiates the ability of antibodies and phagocytic cells to
clear microbes and damaged cells. The complement system consists of a number of proteins circulating as inactive precursors.
It is stimulated mainly by three pathways: the classical pathway, the alternative pathway, and the lectin pathway. There are many
genetic polymorphisms in this system, which can over-activate the immune system. In this study, we collected the polymorphisms
reported to over-activate complement cascades that affect the immune system and induce autoimmune diseases.
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AE)T glew] ojelst 24 7o A7 A7 A9 4
HAA= AR |9 A WA dAE s, 3¢ 7hH A gtolu el Fo] WA Hoh BAA= =
L8 71A whe] ol A5t whasl WY A ZET] AMS 2 11747 Z(classical pathway), t]#]| 7 Z (alternative path-
285 Sof AHAY " THAY " ool T8 way), #&17 2 (lectin pathway)& -55to] /o=, &
3 ofee AT HAE 9% 240) BulS SAE sk WAAL Cla Csaoh 2L ohbEetE AL AN
7131, Hel M ZEo] Ao AE-E ot dF W& = o2 FdaFel GRS FEskal Y HEkA|
B W ohet 4IAS AT 4 ol B W50l (membrane attack complex) F4& Esto] AR W
e 5 oF s anyom At oS 3t ) gcH(Fig. 1).
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Fig. 1. Complement cascade path-
ways and complement proteins. Abb-
reviations: C, complement component;
fB, factor B; fD, factor D; MBL,
Mannose Binding Lectin; MAC, Me-
mbrane Attack Complex.
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1. Complement Component (C1)

Cl B @4 W 245k BAl9) 3 WA 749
Z}olw, 1742 Clq, 27§<€] Clr, 2712 Cls& FA = o] 917]
o Zoll Clar2s2 ofefarte P ww, oF-34| Aot 53
Aol YxpH o Clarh Agshd, @y 7h4 OHE
Cls7} AR = o] C49F C2 gL C4a9}
C4b 71831 C2a 9} C2b2 EFA|7]|= ke 1:}1 ol
A AH3).

< _1\1

2. Complement Component 1, q subcomponent (C1q)

Clq T a2 Z 37k2] 9] A H{41Ql ClgA, ClgB 12
3 ClgC= o] glom, Cl B4 o] atheiA| o &t
U2 el (endogenous) TfEl Q14 Bx}E o)Al 1%
BAEE BT TS gk o3t Clg T 9
A 7] ch& A (single nucleotide polymorphism, SNP)-2-
T2 7] AERY| BE e Aom dEA Sl
o} o3t Clgot T E Y7ok o Akl 24 of
=4 13g FHkA F3EA(subacute cutaneous lupus er-
ythematosus) $+z}2] ClgA 8- =}o)| A Gly70GGA @L<
F1chg Aol HAR AT, ol% Ba) w3 @
Wl w2 Clg =9 daAdol digh ®urt ek
(4). Zdbg FEA 3o A= Clqe chain C2] G6A,
C41T, F= 43 9] C deletion & & 7|c}& AJ1k(5), Clg
9] chain Bojl A= GI150A T 7|thaddo] Hilg Hf Q)
TH6). E3F C19] chain A A= C186TL] T d7|t}&E A
2 A9 [gA AlZ(IgA nephropathy) ¥} &1
AFAL7E B JEHT). fFASHA Clg
9] chain BE] 2Ha 74 dAAMY T 7| oha A 154917014
of §olgt atio] TRHH O, o] A A Fuby =
2 Agho] HATE T o] qlokal HaEQIThB). 5
7}E Clg®] T A71the/d 12920012 X 9] Clq &

o] A4l FuHA
o] gtk
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3. C1-INH (Cerpin Family G member 1, SERPING 1)
CI-INH: @3 gl o)z} Cl A 2 A 2BA A 2
z2d1Ao|tk. ClI-INHE Al Z=HokA| SAQ1A} 5 F
=224 B Clo] Clrz} ClsZ U= AL AFFo=z
QWIOP\_ Ae-S Y5, Clsofl ofgt C49} C29] 2443}
EZF PR A R ASfgith 7,159 9] =214 b
(age-related macular degeneration) 3HAS TjAlo =2
CI-INH S48 22 2435 A1), SERPINGI 152511989 t}
FAol =4 IS 4o RS STHII=
Ao 2 B AHTHI0). 1 o]2of, rs2244169, rs2511990,
rs2509897, rs1005510, rs2511988 @A A 7| thg A ESF =
o1 AT wEEo] Qlrke Haurp ok,
CI-INH®| ¢4 713}3“* & =4 %}J—%/\é% t °P‘4
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rsi 1546660, rs11229063, rs141
oth(12).

93943, 152511988, 154926

4, C2 (Complement Component 2)

C27} &3} =||, diid Eefjaa Erlg 2kl 9l
= C2a Y &/43t Cabel Aghsto] C3 HAEaLE A4
FHH(13). C2 G- AALe] B 7| oA 1854754, rs9332739
£ HRe Al A= Q1A Rk Adol ok g Tzt
Tt Z7bEo] uka R uEQa(14), SPHTA C2 2

Y2 23 Uk AR B9, 10~20%2] 827t 1]
of AA P RFAR WA} YFE WD B

| ATH15). E3E 53 1 C2D A& 63 QIEE 6 Ao
2870 A717F AAIE A elH, o] B9 wAds Tl o]
etk B EIok(16). 3 2 C2D= d<& 59F dl&
119] A8 = 719] T2 =AW o](C566T; Ser189Phe
9} G1930A; Gly444Arg)7} chalAlo] Bu|E A sfatcta
oF# A 9lom(17), C2 G- H=}Fe] thal A (rs2844455)0] %
o] Al ZTubyg ZIEZ A oA FeolE A E 9tk
(18). Tral A7tk A 155471548 H.-9-3F Apghof A met

up Ze] wgo] Z7hEe] glge] B ITHI).
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5. Complement Component C3 (C3; C3a; C3b; AHUSS;

ARMDY9; CPAMD1; HEL-S-62p)

C3= HAA 43}l 42 ek st 53] HA|
A 1HF = W A H = B3t 2ol C3a
offgetEAl o 2% U7l Ca PepolEs d52HE=
ZA31a1, 8-S Bt} C39] rs22301992} 15147859257
7| AL 114 FuRAA Bel 4 212} 25.3%
o} 1.06%, ZAFAANA Z+ZF 20.6%2} 0.39% tPF A HI =
(allele frequency)E 712tk HEglon, o5 SHH
o)== C3b2] A A alpha-macroglobular =] Q1o ZA35}
7] wfiZoll, C3b&} factor H 7+e] AgHE A sistA == o]
L A factor H7} BAA ] dRARE olxlekA] Eohe
AE 284 FrH20). C39] 15794729228, 15121909583,
rs121909586, rs121909584, rs121909585 EHHoO| &L &
T HAE 884 8553 I Bo] glen, ol&
Aol 5 C39F HA|A 9] 24 IRl membrane co-
factor protein (MCP, CD46)3}9] Asl=
X AW ZEAAZE 2dEA] G AE 2
151047286 Aol = [gA 415, FEXo] g3 (partial
lipodystrophy), indian childhood hepatic cirrhosiso]] ¢ 3=]
of Qlekar Hag wp glovy, 1 2§ 7oy Feit &

AA s AR FATH22).
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6. Complement Component 5 (C5)

C5%= C5 A3ld 2(C3bBbC3, C4b2aC3b)of| 2]5}e] CS5a
9} CSb= U Al et Coaes offgetE4Llow o5+
9 A% )7l Ao 71l WESH, CSbi C6, C7, C8
)il Coxt ARteto] uha-A EFQAIE PAshe] Alzu)
o s NI RulEE BEolA €59 437} v
C5a9] =27} =& H= 241510 C59f 8029 A ofm] ik
o] Val = lle& ZA3}= V8021 thl 7| tha A 1s17611
o] B x| thH(23). C5 V802[& &= o AE Ao 9
3 Hrot 47 Coa¢l Csh=E Hejg o224 Chl] 58 5
7HAZIEH24). C59] QIEES 7HA| AL Q= T ¢
A 1522690672 C59] HHES Z7}A]7] 11, o] Euked
gRAll Ae] QIek(25). F 7EA] C5 T |r|okE A
1s226907¢} 15176115 7}A AbEe] AL A 9] C5ael &
=7 =4 fAES R L1730 [L-229) IdS S7HAR1
o} do] S7HE IL-173} IL-22&= d5FERIAe 28
sto] VEGF % AgEHAYALE FE8tH26).

7. Complement Component 9 (C9)
C9 (69 kDa)i= HA|A Q] mp|uf 414 @47 vty 5

62 JIST

A 2ol Fad BARA MEde] TYYHE FE

sho] AlZ g3l zol TolRT27.28). C99] PI6TS B

Holi ol Y FHES /AT Busy
[e]

o} 3}
gul Fak A4 E AR E3 =l Al I EE
£ 4= 9rial HuErh30). B3 EQloA A= o
& 34 H A 0 2]
3t FA AREAA Gl A gHEo] S 4= kAl Bl

S AHGD.

8. Complement Factor B (CFB; BF; FB; BFD; GBG; CFAB;
CFBD; PBF2; AHUS4; FBI12; H2-Bf, ARMD14)
Factor Bi= HA| &/ tAH =29 842, Td7t

cto] Feto|= Pe|= Bolo gkatEAl, BAA hAH

2 243} A] factor Dofl 93] B ZugHe] ] Baok Zujgh

11 Bbz FeE . 84S B Bbe AdZ=Ho =

£ WATh ol AFAE B Y7o FAlof
= dhH Bal: 2412 o Ast) 1512614, 15641532
P EI} 2F2F 13~19%, 9~11% HEo]|1, KA
C29] 1547154 T2 @7]Th 4t eAghlofglrta el
Row, AA| =l Ftd WS Aok Aee 1
59 th(32). 19 5117905900, 15121909748 Eof v o] =
C3 Hgka 42l C3bBb FdS FAAAA BA| 24 A=k
=0l &3t B2 s}l thsto] AFEE Fedte Aew
H AT ITH(33).

9. Complement Factor | (CFl)

Factor [:= C4bE EajA]7|1L C3E B|EAS} A|7]o &
H BAA S YA RE 2 -5 (34), FLF7ITHE ol
OJgt W2 factor | 3= Q1A AT Adido] 9L
T A2 T7E QArh35). GLI9R e FARolE
7= A A7 FE A 15141853578 factor | =25 A
A7) grl A7 kg Aol 28] factor 19] 7} U
9, C3b9] £H = iC3b2o] H|ZH/Jo] o] Foj 2| x| ofof, waf
o4 wAA] Al AR7t BEE ol A ot
£ 7HALTH36). 20280 1 5E §UY REZTE
IRE = 11.3%7} factor I SAHo|7F 912121, mem-
brane-bound C3b 843} A13& E3), 1415V 72 =4
Holol o3t 7152 Aol Rl ATH37).

10. Complement Factor H (CFH)
Factor H= 12317]9] ofm|iAlo g LAE o] Qlom,



HAA O] A D 2oA HA & 24 ARZA A8
TH(38). Factor H= C3 Atho|| ojsdl= factor 1o ojjst
HZ QRZA C3 HEaA(C3Bb)o tist 53] 71 &4

S A48 2dsts 2AARA QTS TFH39). &
dreejot 9 mlo]Aob= e s Al o e
GAGs (glycosaminoglycans)©]| factor H7} AaFsr 4= Q) 11,
ol BA| B/ ARE oAIst AF AEZE HA| &4l
ot &Aoo RKE HIh=t 7|ofgtr}. Factor HEJ
T1204C ¥7] A HolZ Q1% Y402H ofu] Al WHol7}
= Wk Alszof A C ¥h-g-4d thal A (C-reactive pro-
tein)ol] thgt A Fo] A o] HA| AJAd W dF vt
<2 A= Ao R HAEQTH40). Factor Hoj
Y402H e]of= F7FA 1 f7] A4 WolQl C1222T ¢47]
A Hol= 40871 T2 EdARolof afgste], vAdA
] factor HO] &2 vtelHT] o] o= G3234TZ 9]
7] @ Wol= RI078S opw|ieil A2 Fieskal, &3
ks 2 Al e 29 ofn]ieAt 2| €k factor HO| A
TE QI C3be tigh A7t 583 Xk T1606C 4
7] HHo]Z2 21%l C536R HHo] W G2876A &17] WHo|z QI3gt
CO59Y Wol= o|gfs} Ao wAIE doA A5 =
S e o FeE I Huw, Anzos G4
|'5& o= factor HOJ AghE Zefjsto] HA| Ax A
= op7|ettH4l). AroA Hd W FAE T 42T
factor HE 7142, & A@9] & A &4 54 27
GAol| Al 23t factor H ofv] 71 a7t & 2 o= &
Qlo] =Gtk $FO & factor H A &Ato] Fogho = xy
AP E factor HE Q15 HA| &4 Axt Ao AgA=
Aol Agg Bz sh A7k o] BT olrk@).
HMAE SE4 ASZFE DA GIUT F&
G3592T ¥7] Wol=Z QI A EdHo|7} i gl o,

ol T 0|2 FAS FEFOEM PAAH factor
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LEZFRI Arkeo] glgo] mago] Grk4s).

11. Complement Factor H Related protein-1 (CFHR-1)
CFHR-1-& 3307 9] ofu|Ato 2 LA%E Hzleko] 38
KDa¢l ®]i# 2 Hu| thilA 2 A 570 SCR2 1A=
o] 91 o, factor H familyo]] £3}= thl 2l 2 A factor H
oo M As/dol &7] witoll factor He} Ayt 75
132 QIS Ao = ol 4Fskar Qlet factor H 4419
uhek SCR} CFHR-1 §704k2] ol <3k 23 e
WA g om qlsto] Al oA FAE Q1 A
Sejo] AHAElo] Ak 21 4L Bk vHY &
255570 Uelo] Hi oz %A Urk4o).
CFHR-32] % #17) SCR Foll&= CFHR-1 §-7k2] $:3-2
CFHR-19] W&l F745 {25}, o]+= factor Ho} 734 4
3 Acho] A HA] Fotal BA 2H F
WSt HA|A ol o5 C3 AREA Al
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12. Complement Factor H Related 4 (CFHR-4, FHR-4)
CFHR-4+= C ¥g7d @i dof Agst= 2jt=olH, C
HhgA o] At AR FadAES 55k
= Bk ofuef A 2o AAPIE F
1o 43 3HH(48). CFHR-4%= E3t C3be} 2
Aoto] WAHE2E B3 A7) C3 Heaa9 A=
£ 53}, CFHR-42} C3be] AgHA|7} factor B2} proper-
dinoj] Agtste] C35 C3a9} C3bRE Ui IS sk A
°F Wil Fo]9rH49). CFHR-49] T g7|cta Aoz
= 15168406397} L&A glom HA| o] g/dstelo] Ayt
AJo] B arE o] QITH(50).
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13. Membrane Cofactor Protein (MCP, CD46)
HA| A ago] 2HARA A8E s MCPe A
o] 44kDaQl -3 I 9 thl a2 A A5l = o}A| factor
Lo thgh Hx QA=A 283ttt 2204 C3b9] iC3b
29| B4 AL AAIste], BA| w7 A7} Al 4o
2HE %3 AE A4S BEsE 75S 7113 9
C3be] %4 21A} o]tk(51). MCPQ] §-744
nAZoR AYH §IY ABFFL B A4S 7
) Aol 71219l glo]7] o] A o] F 50%
Ak Ak 9940 ATHSD). 1657 S84 REZT
St e = MCP f-4#1e) e E49% 2xt 209
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F A= ek G147A 97] Ho|= QIR ofn
C218T= 9] 7] Ho|& Qg 224 & o]
MCP thaiz v 7FA 7 8|3 g Al
o] HTH(53). MCP {7 Atof| A A =)
o]o] 9]t S206P o] E3H MCP2] C3b
A=A WA A2 A C3b
Zhah 27 4 Yot B
A 22X

44 AHF(thrombotic thrombocyto-
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penic purpura), HELLP (hemolysis, elevated liver enzyme
and low platelet)7} MCP §-#z}9] Eo]e} Aty o]
UTHS).

14. Decay Accelerating Factor (DAF, CD55)
CD55+ decay accelerating factor= & & ¢l o, C42}
C2 AHF} C3be} factor B AHo] C3 AZta A2l C4b2ao}
C3bBbz X%ﬁ]—E],_ A2 A3ste] C3 A4S AA8l=
At i) 55 DREE A7k welv
A Sl uglek B gon, 2
L 3x}320) DAFY) 9 & 7| tha A (1s28371586)
ZHAAL Q= SRk Lol ARt 71s AsHE 7HA

gl R

o] HalE o] QIr(55).
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1 =
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e
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Olr o, OIN 01
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15. Membrane Inhibitor of Reactive Lysis (CD59)

CD59%= A2 3H 9] GPI (glycosylphospatidylinositol)
ol 2 of| Abste] 2t chilA @ B whpAd 23}
Aol 2482 oAIsHs 4etolth CDS7L AWEw A%}
2 o RN oA S <= siek D0 54
o 25l T A7)tk A (rs147788946)
ol WA Aol CDSO WP Foli AL YalH
1, o] GARIIHEAL AW TR HE o A
& 43| R}of|A] bronchiolitis obliterans syndrome-free Y=
go] we @abo] BLETH). CD9] C89Y oo
Sfel CDSoS] AEuk ddlol sl Wi, vy A
T wjo} Bz g o] WAlsHE Ao| iEg
tH(56). SAWHO| phosphatidylinositol glycan complemen-
tation class A (PIG A) SAAE 714 vFzLA] of7F A

Z 3x}= = E GPl-anchored proteins (GPI-APs) 2] Z
Fol WA=t o] 5 CD55¢F CD59 AH-& E-A|=
#o| BA| gsteRE Hawa| e Al &
Fol TystA =k

9] promoter

H
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16. Mannose Binding Lectin (MBL)

MBL-E& 32kDa Z7|o|1l, Helo|Eo] EoAE LA
o] 91© 1 cysteine-rich N-terminal region, collagenous do-
main, short helical o-helical coiled coil domain, neck region,
carbohydrate-recognition domain© & JLAE|o] QJth(57).
& = A 91 D-mannose, L-fucose, N-acetyl-D-glucosamine
(GleNAc)ol| Aol oj&2 At 7HAA(S8) theF
o 70 nE(LY P, 18 SAE, vl e, 1
47, YRAFER A AT zN BA S43 H2 5
dElA 2 Ao Toddtt) rs11003125 (G-550C), CAT
(59), 151800450 (G54A), 157096206 (C-221G) 5-¢] thal ¢
7k Aol A4l by £E20) wat ekl otk
(60). 718A] HAS Hfa BApol AA = GI66AS] Bl
@71k o] BE rk6l)

17. CR1 (Complement Component 3b/4b Receptor 1)
CR1& AL, w2 kel 9l B A|Zo} T A Z =&
Bk chokat AlE R EAjshs b doln R
% oF 200kDa o|t}. CR1 THalE-8 C3be} C4b Tl Z o]
1817 7] g, 22 WBEAS A et
s}q H o B2l Eslo] AE o] CRI whalzl o

atz oo 2R 5t WL S 9] Clg, C4b, C3b and
C3bio] AgHE ko, 7k vl EAskE o4 Azl A
A EI5S Aol e Tl 9429942 TT
FAAHE 2 9l Abgro] CT

=]

Oz
o
Abetol] HW‘HH A LAY BHEo] 88% &L, 157525160 GG
]_

é
j
_&rN'J

)

AAG S 2T e

o] Ytk BEITHe), &
A7|k o] xstoln) Ak - o] Slths B
QA TH63).

18. CR4 (CD11c/CD18, ITGAX/IGTGB2)

HEAT Bxp2A] 2H9sHe CRAS (DI} CDISE
Lol A LAl iC3bet A2 4k-g-5to] AltAE-E &5t
), NF-kB2] DNA-binding %8 Z7}X]7]| 1l macrophage
inflammatory protein (MIP)-1alphaZS Eu]slch(64). 3=
o WA EY SAEL YAOR CDIe FAAE 28|
H A3} rs2230429CC, 1s2929 GG, haplotype rs2230429-
C-rs2929G @l 97|vtagddo] ol WAEHIL 1 F
1s2230429= CR49] & wlE o2 CDIIco] FTt=
Ast=do] 32 7|4, v|AAE J=ureS doy|=

= d O (e} o= =2—
Aoz BuHddt. D8 f74e) GAY/IHEAH
12353262 1|5 ofu|wALS A EAI, B A HAUle



19. Ficolin-1, Ficolin-2, Ficolin-3

Ficolin& M-ficolin (ficolin-1), L-ficolin (ficolin-2), H-fi-
colin (ficolin-3)2] 3Z&=9] thaiZo| ZA)3lt}. Ficoli =
A-G-AL = 1| 21 (collagen-like domain), 12 8] 1= Al 9-A =
| ¢1(fibrinogen-like domain) &2 FAJ = thefA| o] E-3lA
2 pAEe] QAL N et = Qle e=3Ha-5 2145k
QE n|AYEL LB}, MBLY} ul2l7FA] 2 mannose-ass-
ociated serine protease?} A} 3 Z-8-5le] KA A Q] HEIAR
of 25} Aol Toldich. AARZUSEFE 2
Z ShAE o) A] 1510120023 (G542A) 9 1s28909068 (A791G)
o] A H7ITHg o] HarE|ITH66). 152989727 (A1981G)
4 151071584 (G7918A) 8] T A7|thgdo] 47| A3k
w98 Aol A Rubels PAATIe] Aol HIE
oh67). rkel A g, hsEle 2 A A FAONZ 44
Z}9] 1s3124952 (A986G), 1s3124953 (G602A), $s32469537
(A4G) 9] U A7ITHE A 7He] Aol HarE|glem(6’),
rs3124952 (A986G), $s32469543 (C6359T) T & 7|ths
0] = A, ficolin20] WHEE} Z7bshein AteA
QITH69).

X

Bpo] ZA5Hs chAe] # o)A F ahy ARug WA
g} wio] Qo] WHAUAQ), HAA el §
o that A4 th Aol o] AJBkAe] ol o] g mlA
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