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ABSTRACT: Anti phospholipid antibody syndrome (APS) is characterized with recurrent arterial and venous thrombosis and is
related with dysfunction of endothelial cells or mononuclear lymphocytes. B2 glycoprotein I is a kind of phospholipid binding
glycoprotein. Anti-B2 glycoprotein I antibodies are closely related to thrombosis and play decisive roles in the development of APS, but
the bio-function of anti- 32 glycoprotein I and its antibodies has not been elucidated. This review will elaborate on the structure,
biological function and function of the antibody and its antibody in the formation of thrombus, hoping to provide a new view for the
molecular mechanism of the antigen antibody complex to regulate the cell function during the development of APS.

Key words: Antiphospholipid syndrome(APS); B2 Glycoprotein I (32GPI); Anti-32GPI antibodies; Coagulation; Fibrinolysis

Chinese Library Classification(CLC): R593.2 Document code : A

Article ID: 1673-6273(2019)20-3987-06

R AR B Rt BUAE T IR DR s kAR 26 5 v o0
APS BHNILE b T IO, FEOLT R, B2,
SR, APS FEGERATT 1 BRAREE T R RISBRATT, IRIRAL
RIFARTR, P, IRAIRTS APS RAMLE, PL Ak ify7
WARTE N E iR R APS (1 & ML AT T A
55 Z e DUBENRUIR S SRR K A s DA G, T
SEPT B2 B F L5 AR T B AU B R I i ) 2 OG
RO GRPIPERT B2 M 1 THE APS &/ K e ad R rh #r i 14
HEAE,

1 B2GPI YA I #2

B2 BEEEH T (B2GP) UKW R AP 1E T A2 I 27
1961 4FU i FLF 1984 4F, Fifi#7 B2GPI & B3 51l i, 1

BE

YLk g ZE 5 1E (Antiphospholipid syndrome, APS )J&—Ff H
B e, 5 A P B AR A A/ BRI A G, S
AR T BB AT 4 R R AR T BT R S, IR ER
LA bk B sl K AR T BB R, Herp bR iR DL R
Jo LA B U, TR 20 Ak it AR DU LA it A e o LR, ST AR
APS BE I H WA PRI R o BR T IMARTE W Sy Z 4,
APS JLABIG RAFAE I AL /M b 5 i 2% L R B
IR M R 22 R G TR AR S5, I 2 Wi R iRl
RS TE BB ARPUIAR (aPLs ), (X SE R S iR 45 & M
54, S 5T R AR FAZ A T BB, S BUMAR T 1k B AT
PRITRAE A S, A TR 2E A B, APS B IR INAAAE R BT

BRI LIT B2 Bl 1 I(B2GPIHL A H a5 i, LA
JEHRSE S AN T, B2GP 5 APS [ R A K A 2 BT 431
KA, APS Frafi A ) B gl e T H S B0 S o ) AR

YERE TS0« AW (1976-) , Bl EAT BRI, F 25T 7] - R PRI
PERIBTA LG 021-20261125 , E-mail: 15355881619@189.cn
(s H 4. 2019-01-30 4352 H 1. 2019-02-25)

HEWETNREA G AT R T RMIFA B G, B2GPI J&—Ff
555 P A X/ IR K 3 R TN T P T 19 24 008 (PS ) S5

B2 51 DNAM 5 671 #7743 —F W25 L 25 FH (VLDL I
LDL)™ K g W5 2L O B L) DO 2h A iRb I 2R . B
F 20 204K, B2GPI A YHE 2 PUBE AR PUIAR N FEZLHFR 1), [H]
B R T B2GPL SR B HTE 0. MBI , B2GPL A #AE il



- 3988 -

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol19 NO.20 OCT.2019

B W ) DB ER U IR BT IS, RO SE I 50 B 1A (et
0 /SR A OUEL A o R B 22 (IR % V] B2 GPL fiE S
VR T AR 18 2T 4 2 1 B e e AR ML 1k S B 3k
SRRERE AL | 200 M R T A A A U A 2 A B O P
R, R S B A N A L, B2GPIH/- K -/- /N B N BEIL
B A 2 B AR, SRRAEIRS BT, B2GPT AT EE 2
APEBENE NS TR TEDL T, SRR B2GPI F] REAL T—FP 2R
figt A A A B Bh S A 2 P, X — PR T RE 2 L
B2GPI AWy 15 TG PR 5 W I 51 e — RN B . A, 75
PR IR T S S T 6 WYk 40 B2GPT B i 2 B B — R 5 e
HE AR TE B 1R IR,

2 B2GPI SRR K V LB s B BRA B,

B2GPI J&—Fi 1 326 > KRR TR AL nL ) FAEE R 1,
Oy Yy 54 KDa, J& T HUIRE AR S0, i Pk 20
150 3] 300 pg/mL™ JEAKIMMK P FEEREHNEAZ— EZ
5 MU A E 1 b S R 5, T Rk T S i 40
e 120 E T A Y 60 ANE AR E A (SCR)RFHIE A H A
A Z P B SCR EAT 16 MRS IEIEIRSAE , AP
RSP0 BT 2R 1- 50 3 MR 2- 5 4 (P b E MRt 1 T k.

B2GPL % I-V 454, Horb 2 IV A RSP 2 R
FEAN ARSI 5 VAR . 1 4 Stk
B IFMESTTHOE 2 MR E A 5, BRI A G RT AR IOR A B
TR KR Z 45 (LPS ) A SN IR 8, W TT OB A S A BE 45 5
SR TS AL Toll HEAZ A (TLRs)AF 20 Ji32 (A B i 25
BEATASE R P E i S AR MU SZ A L K/ BRI A
B2GPL A A7 A BEJA Sh A ML AR AR 5 1 I 55 90 1 A Bz 2R g A
BRI AN / BV DIRE, TS5 APS 5 B A2
PUOBR TS5 IV 458G SCR FPSIMMUZ A0, 56 V 4kt
TAHBOMNG T A BIERRIRIELUR AT AT, 19 A E RS
BELH Y C- S, X IR G5 AR A — > TR
A X — 0T FrRAT BB A A, T A L B T 8 A e o
45K 5V SR X — S5 A R BRI S g
{05 1Y C281-KNKEKKC-C288 [X 34 x4 7#% 1k 1Y) FXI(FXIa )
317 {4 R (Lys317)-318 {3 5 2 2 (Thr318) 58 xR ~F X, Af
EHICE BN BT & P WA A 231 DRk 3y )2
B2GPI. R2GPI [ ALt R BT — Rt SRR S5 I A A2
e RRFRAE. BT R W], B9 U1 B2GPL F 247 AE T3¢
Ho B2GPI AT HEEAE Cys288-Cys326 Hi iil/IM A P B2 AR K
B A QAR AT BY )P0, S — 455138 B2GPI i 2 5 T
MAEEY A B SRR ISR R A, BT AT S 2 I, B2GPI
HATIY R IFTAR A AS [F] R 24 BT,

3 B2GPI R EH MY M2 Th e

3.1 B2GPI REMGEHMNESES

Il RAFFE 2 1T B2GPT 470 A 23 18 i A8 2 A P9 I S L 1
JRUBEES, FEdT B2GPL HLIRAFLERY IO T, B2GPL 1Yy T -IVAIZS Y
BURTFHCRAS . RISV B2k 358 002 47 5 40 S A7 AR S 2
B Sl R REAZ ORI Y B AR5 BB R OE T, St bR R
B, B2GPI 54U $% TLR4 \TLR2 # /i85 (4 ER2 S5 Z bz 1]

DLURAEAHE AR R, (R, 40 BRI FT g2 TLRs JlpN{55-4%
TR ARG T B2GPY Hi B2GPI LA AW 1 ML P A% S BT %
T ST BN, B2GPL 4 R2GPI Hi ik & G Y AETERT , Aannex-
inA2, 85 4, M5 TLRs ZE4IRTIE R — 1 EHE
BN, IS SR HMTIRED, AR, TR IE 2
F WKW 5 I THE 1 (Phospholipid scramblase 1, PLSCR1)
# APS [BE RN 2 1 IRCY 48R BEwEAR BAH DG 2R M £ B2GPI
PR AMLE S 2 e R B A S MR .

TLR4 {5538 % 7] G842 P4 52 41 i Al Sp A 40 i ) 55 B2GPY/
Bt B2GPI HUiA L GHA KR FE 58 B, 5 LPS filk
TLR4 {5518 B 4E K 17 AL, BT B2GPI i IgM A1l 1gG Al
AiE T 5 TLR4 2 IL-1 SZ A0 ik IRAK 4545, DTk
N R 4 Y NFB {5538 %5, 1b4h , TLR2 .25 B2GPI filk
FIAH I E 5 . B2GPI RS E B2 TLR2 £ N B2 4k -
454, TLR2 S N S 30 A W 2 A0 B2GPI Joik 5 4 K 41 i
S, NI TCIR 0S40 M ) NFkB {553 B,

BH4Ek , B2GPI B IA e 2 -5 AN {55 75 5
AR MAEF IR A . B2GPL 5 TLR4 454 2 )5, APS [
PRPNEIPT B2GPT HLiE A RES | L IRAK [ R Tk -5 A2 40
M % NFkB {5538 8% , T30S 3 B TNF R TFs, BT 5%
AR 5 FPEEE LAY T RER AP, 55 NFwB {55l BA R, 5
240 h 4355 MEK-1/ERK 1 p38 7E (4% B2GPY 41 2GPI
BUIA S A YIEOE Y MAPK {5558 5 i T AFFE A 5L Y 56
dEB, gv A, B2GPT K Hi i 4k 1 ki & G ) 38 i TLR4/
MD-2/MyD88 F1 NF-kB {55-5-3 [ I 1% PN Bz 40 A R AZ 4 i
It —2E PRI AE R R, 4 IL-6 . IL-8 Jz TNF [y iAPe X mifi
7 B2GPI K HAUARE AW 665 APS R 1A Py Py e 41 it i o
A LD e S8 A G,

Kriippel A P+ (KLF)J& — 28 45 P 52 200 B I 6T 48 i 33
A S N BB SRR U, B2GPY 4t B2GPI ik E A1)
Ab 3P 40 i B S 8E NF-xB {5 53 i LU AR KLF2 il
KLF4 (7K, TiiRE KLF2 5 KLF4 (47K 0] 2540 i NF-«xB
F % SIS ME DT BELWT B2GPY 471 B2GPI HTA S ST N e 4
RS R AR, XSRS R KLF X B2GPY/ it B2GPL LA
AW i fil & A5 8 B A S TR AR A

E— 2B WFFTAESE , B2GPY 41 R2GPI Hiik Ll —Fh 28 A5
SEAYMIE A KR 3 TLR4/MDSS {55 @ %, M il T 2
NF-«B BRI , X—RE/EH TAMERT LB ERN ZEA R
A% H Annexin A2 TLR4 calreticulin /% nucleolin 28 %™, #iff
SEFEW] , 20 M TR SR 2R 11 I3 =2 [0 P8 A B AR PR R PN R A
1k B2 APS J¥R ik R R R CE B AIE.

3.2 43R B2GPI R EMEEZEH EMFENINER

TREEHPN R SR R A S A Y rh — AP E B R 4E
YT, T AE IR PE AR BIR . A ORI AE YIS S
B2GPI/ $i B2GPI HiATIHEZ 0156 Z 1 i A BY T iR APS
PR PR , B0 2 A B R FH B At S B A DG B H T R
T FE Y,

TR R — IS EARAE 100-1000 nm AN NEH, 2M40E
2 BRI, AR LB RE 2 S it )T i B A wiEAe
WA T IRR B ZER, A S ZF G DIRER & 11 M RNAP,



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol19 NO.20 OCT.2019

- 3989 -

— B bl B N AR, BT &l A B R A s A
RNA ¥R A8 it AL A7 B,

R ARSI R B, BT B2GPT HUIARENS 755 N Ji 20 e
FOE Y X B T BE S 5 APS AOMG T AR A7 B A2,
G RIS E—HAIESE, S5IEH AR L, APS (B 1A PR IE T
P 2 2 i ) A 1 e, LT K- S BT B2GPT Bt ik 1gG
A IgM RS EREH, X —HdiE iR B2GPIL 7E SHUHE AR b ik
FIVGEE IR G ) A AR S R A b A R 2R

LRI, PRI B2GPY Hi B2GPI Hit{A W] Al it 75 5
PRLR AN B S i A A IR R TE B . B2GPY Bt B2GPI it
REES BN 2 AU 30E . B2GPY 3T B2GPI ik & & W sE %
TS Y B2 AN, i P9 R AN H %34 Eselectin F1 ICAMI®, ]
B, X —& &Y% RLC #E1 T8 RL, S B Rsh R A R E R
K, B R PN R A0 A R (R RS SR, PN 0 LR A
YIRS PEIA & RLC BRI AL 49 50 AT B i o, 3k Bt 57 2
B2GPI/ HT B2GPL HiiA K A YRS 8 AN [l 155388 I T 41
JLHE AR A A A

Bt B2GPI Hi Al P Fe 40 B A 11 28 96 11 Ty At 7 3
T . B B2GPLHLIR S B2GPI RS filh & N K 2 it
RN/ INA T B S ARAINE 0 114 TR I D Y B A LAY
IL-1 J K i microRNA AJ DL ifE— 3800 JE 16 B P 2 i o 4576
(R, A0 A0 6 3805 1) P B2 400 B BE 06 e TLR7 B2 £ 1)
sSRNA il , i REIT IL-2 SZ 045 55 S A2, DG 4 i sk 4
WU T 09 P B AN T AL VR S ™), BFFT I, BT B2GPI ik
A% 175 S PN 12 200 0 PR R0 40 M A/ 960, T 3k 4 8 34 ) T 46
TLR7 Fl ssSRNA 17 2tk — 25 B0 Ja 161 1) P 2 2 3k e i o
SRR RN T B2GPL R KA i i35 5 P4 Bz 4 I Bl
BT FERP A E S I O S, O — 2 ) R A A
il X — B — S0 R IR ATXT APS J B A JE i AR
B2GPI #i B2GPI Hilk & A WRIIAIR, A BI TR APS R iA 12
BERTRIB IR SR
3.3 APS BE i B2GPI R EA it & {5 S @ BAHTER

% R F] APS S B A Y R AN | S AN A % IR
AR EEAE R, 7T LR B2GPL Bk B2GPI 455 2 )5,
WALAE T AR I 1) SZ R SRR et — 25 R AR AR
2AE APS FE R, B2GPL B HL i (A BT fith % 5 5388 1% A e A8
TEHLAATNE ? AR SO — 2B EA T A

B2GPI J7 HATL A R % fih 42 P 2 0 11 2R 240 PN O 4815
S, TR E APS 19 % 25 2% TR T A5 AR 22 S 11 1] 1 ot
KU . B2GPI FILHLIAE 54 5 4A 245 (F B2 LPS)
15 Y9 TLRs e FHAHTR] A 240 i 4 {5 538 B4, 5 DL TLR4 32 K
(B AR RERS 15 5PN B 2 ILRE MRS PEARTE . SR, SR YL PEAR T
BOER R T LR 5 APS 522 R, S5 R T 19 1S
TFEE A L, APS FEBH AT 55 (14 o3 B 1 A ST o
FFE NI, FEn, B B2GPT K HATL AR S 4y e fish 2% 4 40 i 7Y
TLRs {5538 B A B i e (G T8k LPS LA HAbh gl ZPE%
THRORREE o X — DR A o TO IR A A 0 T A R

HIL, 5 2 3F B2GPI KX HAUAS & Wyfil & AN N {5 5
BRATFITR S B b R APS BURER R L ALAS I, JFRRE
SHIRYT APS HRALHTIVHE &

4 B2GPI R EAUAFE MARTE B H BI1E F

APS GB35 A Py 5 055 B Ab i 2 R ST N AROR =
P AL , S AR L AU RN , 3 e /N BRI AR 31 T 5600E « 3
BB BB N B RE , BRI N APS B R P 42
HUAHT B2GPLHUARTES BN P, W T30 N R AL Ak
TR 35 0 K SR ZUAR R T APS B3 IMLTE Y B2GPI Hifk
HEZESHMATE AR R, 2R ORA SO R4 Wk
B2GPI J HATIARTE M IE s Ve
4.1 B2GPI 51X MiEE

H i, B2GPT Rz HA A g A2 56 i sl i (K 7 1) B 2Ty
RERTA LT =40, MREEZ MR A fEut—
FEAIESE

B M P AE — R 9 22 2 FR 28, B 09 T2 B 5 M A 1) 7 A
RAZHR BT AR A REA YT AR BT A AR P 1) P
BRI il 2 e 24 i 3 rh FVIL 54 F (TF) M 454,
AT 380 R 7 FIX A FX S0 S350 i k. H2 , fEPiik
REHLI aCLs/ 1 B2GPI BHLTEAERT, B2GPI Al B 231/ N A2 4H
oL B A I 2 2 R 2R S R R S R e B E
A 2 BRI/ BRI, B2GPL B R4 B 3 AT 4 TR 1 Bk
PR FRAR S, - 308N Bk B A TF 3Rk L e,

DA T P B L 3 A A P UK R R A . R R IR
(HMWK ) Kz FXT {4 25 19 7K i i M & B9 FXIL 3% M 3005 B
U9 Fes i BB IR FEAERT , B2GPI g BRI LLAE (e )
g R B R M AR 5 S B 2 1 (VDL ) 2% T8 A3 SO B Tk i S 0
K EXTEUaE . RIMNZEG BT, 725t B2GPL HiiA 1gGs F74ERT,
B2GPI 55 FXI/FXTa & M 5 A 18 19 1M/ Mk 3 1 45 A - 4 1
¥ K FXTla $i FXT (47624 o

Ak, bt B2GPI A4 AEAL NG B2GPT X% I i ) 4111 61
FERT, AT ] FXTa f7F=A4:5, 2 A8 &8 2 i FX AR
F TE-FVIla B 5P PTG . I+ FXa 5FF FVa JB SEE L
JFE A X — MR AT DL FIXa 78/ MR TP AL 1
ZINHR ™ A TR A I O I AR 0 R A B, TR
FRRE Y Lb M A RR S, B2GPL 7 1 £h Fr I/ N 3% 18 10 1 5 of Al
EREFEI 1T B, DT ok /58 I A %) A . WIFSETIE S B2GPI
el 1 8 D A i A AN 2 B T T o 40 /D VHR 2% T 1
AR 25 G AR UR RS, SUBERRHUA 1gGs 5 B2GPIIE ALY
A YIRENGE B2GPL Xof H5E i fit A M 7 Y, esh,
B2GPI ARSI il B 3¢ 121 008 1 336 Ak It /NS = 2 i 3 BB A AR STl
il EX 7% A0S0, RIS PUEEY R DU N PR TIRE % 1 5
B2GPI X FXa A U fiIfEH]

4.2 B2GPI 5 /i 48 B9 B

B2GPI EHIESE S SR IILFI SN Y L FIIEAE | L/ MG
b B AR I8 i S i e

IR AT I A e P 2 e SR 2 R o Il NP B8, 5
FUR R LR, I TV A2 R B 70 a0 1 A L ADP I if #
£ 2S5 MRFEIE, 2 B2GPL kB 7E 3.7-18 uM i [H
B, il ADP- 530 /MR AR . X — i/ F @ a4
il ADP- 375 5 (1 1/ RIS AL B2 5-HT (9 R HOR LAY | I
HRE ADP RIS, NS5 A il il ol e 5 2R s



- 3990 -

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol19 NO.20 OCT.2019

/N BRI 5-HT , TSI SE 0L B A 3 A0 a0/ VR 2R 2

A1, B2GPI > 1 A P i 8P il A X - (VW) i A=
MY BT, B2GPT X Il /N i 44 T8 ol i 3 45 4 FH 56
B2GPI Bl )5 7 A P AN AS [R] R i M1k, Hulstein 58 A% 31
B2GPI £5 A 1E AL VWF XJ Ifi /N KRG B & #4m /2, bt
B2GPI Hifk IgGs MIAFTE , MBS P45 & VWE, Tl 2 33
APS JEER M &AL VWE K-35 B, X —iF 502 R sl
AR PR EE AL 15 B EEE . IEAh, A BFSE R 1R
% B2GPL 5 VWF G55 338/ M 5 VWEF Z [al k5 /R
M T —FhER A R NIE B o X — DB B M Tba &2
G W T it /N 3R T B B A AR O TR R AR R T A Y 3 DR R
B2GPT FE(HY
4.3 B2GPI TEAHE A MEEFHIERA

KRR Y, APS BERNAELEL RIS, B2GPL 5k

B FIA], JT #5450 SE AN ) AR TR A, 1 B2 5 i

BRI R o 22 SR A8 A B TR AL I £ 428 A e T E
W) B2GPI K HELF R

LT R R AT A 1 AR L R D R A I 2 e 7 4
G el (S Ea Ry AN o I PSR R ) R 2 ey 2 s S Y
U, X —iS B R AR 22 SR R B2 221 i
EPIPAELERIIE L T 7741, Yasuda 55 A &3 B2GPI 5§1]]
iR SE B Y B2GPL @ T M ] tPA AT (0 4715 2R (il A ok
W ISR S . B2GPT BTN - £F IS / £ S B
FEAGY (PPL) HEtimttrh KW &Y R MR, KN
B2GPI Xf FAME LT i R IR EA . SR 192,
Lopezlira 5§ A & IS¢ 4814 B2GPL 5 2715 g J 1) L2455 7T e
B e- I O EREACA TGP . FREFE R, X SLAF5E
OB TR R SRR T B2GPI (i 4lifl ik . B2GPI (4R
P B it 72 0T e R AEAE R I 2% - SRR M R FZ B 9 2l
el T 5% M 30 SRR 1) 7T S

2TV I AT LA P B A0 BPLA A I R — S e 24 i (P9
VMRV AR 23K ) PR IR sl A 3 55 R (SIO A N Y AR L
A AT M 5 B T ) T o KSR T 27 4k 2 i A 70
TIRE, TAEG B 2 2 2R (e DX I P R o= A £V
RN B2GPT REfg Ml N IR AT ik R . AR5 RIRE ST
B2GPI HLLRENSNINGE B2GPI Xif PNVR ML I A2 AP VE . 41
2, B2GPI NGRS EAG 18 SK A DI RE I IS £F i 0 A2

LT 1 TR 32 B 1 Wl D S A 57 (PAL) AL 4R o2- B0
LFUSBEF o2- ELBRER FIAE N ATV Bl L LA B8 I B O 41
BT (TAFD R4S o 2R R TR 5 2R PA K58
Teko 5 ANTESE, B2GPL ] PAL ARy tPA i, X —1EATZ
AN T BRI 1, 17238 3 fi AR A I i S R VA M 4 A
FEAERT B2GPL 5 tPA LM E IR R R ST o tPA FTE PR E
SO TR B (W 2T VA AR B SR AT AT . PR AR B2GPI
M EY2C9 K EY1CS, Befg M4 B2GPI % T tPA 4§14 PAI
KAGMAPVERT, $Rdt B2GPLILIRAE APS B E RN A BT
L1 KBTI AT L, St PAT (30 I R AR
T B2GPI KW /T

5 HiEERE

APS JIT SR i IR AR — ST 2 AR R PR, B
DA 2 200 FEL R B T E2L 200 L 2 5 5 o B 2 o AR R RRAE , 7
HERE Y B2GPI Kbt B2GPL BT AR 7y, {H2 B2GPI 2 H:
UAR LD 2 DI RERN 1 RBEIIR I BT, B2GPIL & AR A 7 B
e A — R A 1, HURY (0 S R R 2 I HEAE B I S 2T S5 A
[l A =i e v R R B DD RE . T2 E B S S S
S G5, B2GPL N Hpr AE i 5 TLRs AHE.A5 5, TGS
TR MAPK N2 NFwB {55 3@ B, HE TR0 A R 240 LA A
L, I A R R A K. B2GPT Kt B2GPI HitfA s n] L
A T A A B2 2 D ol 0 DA £ A A o, TRt — 2P
JE FEAR G AN ML 55 3 WA B A 43 Wb 4 5 R AR PE B S A S
LA, B2GPL YA A A= M) A M QAR H R HE AR ) D R T Sk
i o L £T2fE 2 1 P B FXTa 78 Lys317-Thr318 {375 ] A8
E] 19 BRI AT 5 A vh A4 D RERY E 2 X B2GPI
FITEHT B2GPT HL i b B T I W — SRR 5 2 RAK I IE Ok K 45
AWIEE . BARDT B2GPT HUIATE —E R IE L RERS I p2GPI
MThRE, (HRZHCE DL T b & DU dE B2GPT & 45/ E Y IS
Eo B2GPIHAMZ A AT RES A AR MU , TR M 5
RRWITRISS 5, IF DT B2GPL LIRS RE X A0 M i 1L
ifig. Mk, B2GPT K HAUASZ S Y E Wil 1 ) 2GPI EE Fi 4
BT A RERATLE TR, Ko AT B0 APS A B A 2
BEBT I fRE S APS (TR FIIAR YT e HEHT i s
% # 3T Wk (References)
[1] Chaturvedi S, McCrae KR. Recent advances in the antiphospholipid
antibody syndrome[J]. Curr Opin Hematol, 2014, 21(5): 371-379
[2] Cervera R, Piette JC, Font J, et al. Antiphospholipid syndrome: clinical
and immunologic manifestations and patterns of disease expression in
a cohort of 1,000 patients[J]. Arthritis Rheum, 2002, 46(4): 1019-1027
[3] Miyakis S, Lockshin MD, Atsumi T, et al. International consensus
statement on an update of the classification criteria for definite an-
tiphospholipid syndrome (APS)[J]. J Thromb Haemost, 2006, 4(2):
295-306
[4] Meroni PL, Borghi MO, Raschi E, et al. Pathogenesis of antiphospho-
lipid syndrome: understanding the antibodies[J]. Nat Rev Rheumatol,
2011, 7(6): 330-339
[5] Galli M, Comfurius P, Maassen C, et al. Anticardiolipin antibodies (A-
CA) directed not to cardiolipin but to a plasma protein cofactor[J].
Lancet, 1990, 335(8705): 1544-1547
[6] Cucnik S, Kveder T, Ulcova-Gallova Z, et al. The avidity of anti-beta2-
glycoprotein I antibodies in patients with or without antiphospholipid
syndrome: a collaborative study in the frame of the European forum
on antiphospholipid antibodies[J]. Lupus, 2011, 20(11): 1166-1171
[7] Willis R, Pierangeli SS. Anti-beta2-glycoprotein I antibodies [J]. Ann
N'Y Acad Sci, 2013, 1285: 44-58
[8] Cervera R, Serrano R, Pons-Estel GJ, et al. Morbidity and mortality in
the antiphospholipid syndrome during a 10-year period: a multicentre
prospective study of 1000 patients [J]. Ann Rheum Dis, 2015, 74(6):
1011-1018
[9] Cervera R, Khamashta MA, Shoenfeld Y, et al. Morbidity and
mortality in the antiphospholipid syndrome during a 5-year period: a
multicentre prospective study of 1000 patients [J]. Ann Rheum Dis,



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol19 NO.20 OCT.2019

- 3991 -

2009, 68(9): 1428-1432

[10] Banzato A, Pozzi N, Frasson R, et al. Antibodies to Domain I of beta
(2)Glycoprotein I are in close relation to patients risk categories in
Antiphospholipid Syndrome (APS)[J]. Thromb Res, 2011, 128(6):
583-586

[11] Schultze HE. Glycoproteins of human plasma[J]. Bull Schweiz Akad
Med Wiss, 1961, 17: 77-91

[12] Lozier J, Takahashi N, Putnam FW. Complete amino acid sequence
of human plasma beta 2-glycoprotein I[J]. Proc Natl Acad Sci U S A,
1984, 81(12): 3640-3644

[13] Wurm H. beta 2-Glycoprotein-I (apolipoprotein H) interactions with
phospholipid vesicles[J]. Int J Biochem, 1984, 16(5): 511-515

[14] Kroll J, Larsen JK, Loft H, et al. DNA-binding proteins in Yoshida
ascites tumor fluid[J]. Biochim Biophys Acta, 1976, 434(2): 490-501

[15] Polz E, Kostner GM, Holasek A. Studies on the protein composition
of human serum very low density lipoproteins: demonstration of the
beta 2-glycoprotein-1 [J]. Hoppe Seylers Z Physiol Chem, 1979, 360
(8): 1061-1067

[16] Polz E, Kostner GM. The binding of beta 2-glycoprotein-I to human
serum lipoproteins: distribution among density fractions [J]. FEBS
Lett, 1979, 102(1): 183-186

[17] Giannakopoulos B, Passam F, Rahgozar S, et al. Current concepts on
the pathogenesis of the antiphospholipid syndrome [J]. Blood, 2007,
109(2): 422-430

[18] Yasuda S, Tsutsumi A, Chiba H, et al. beta (2)-glycoprotein I
deficiency: prevalence, genetic background and effects on plasma
lipoprotein metabolism and hemostasis[J]. Atherosclerosis, 2000, 152
(2): 337-346

[19] Sheng Y, Reddel SW, Herzog H, et al. Impaired thrombin generation
in beta 2-glycoprotein I null mice [J]. J Biol Chem, 2001, 276(17):
13817-13821

[20] Ttoh Y, Inuzuka K, Kohno I, et al. Highly increased plasma
concentrations of the nicked form of beta(2) glycoprotein I in patients
with leukemia and with lupus anticoagulant: measurement with a
monoclonal antibody specific for a nicked form of domain V [J]. J
Biochem, 2000, 128(6): 1017-1024

[21] Ioannou Y, Zhang JY, Passam FH, et al. Naturally occurring free
thiols within beta 2-glycoprotein I in vivo: nitrosylation, redox
modification by endothelial cells, and regulation of oxidative
stress-induced cell injury[J]. Blood, 2010, 116(11): 1961-1970

[22] Willems GM, Janssen MP, Pelsers MM, et al. Role of divalency in
the high-affinity binding of anticardiolipin antibody-beta
2-glycoprotein I complexes to lipid membranes [J]. Biochemistry,
1996, 35(43): 13833-13842

[23] Steinkasserer A, Estaller C, Weiss EH, et al. Complete nucleotide and
deduced amino acid sequence of human beta 2-glycoprotein I [J].
Biochem J, 1991, 277 ( Pt 2): 387-391

[24] de Groot PG, Meijers JC. beta(2) -Glycoprotein I: evolution, structure
and function[J]. J Thromb Haemost, 2011, 9(7): 1275-1284

[25] Bouma B, de Groot PG, van den Elsen JM, et al. Adhesion
mechanism of human beta (2)-glycoprotein I to phospholipids based
on its crystal structure[J]. EMBO J, 1999, 18(19): 5166-5174

[26] Passam FH, Giannakopoulos B, Mirarabshahi P, et al. Molecular

pathophysiology of the antiphospholipid syndrome: the role of
oxidative post-translational modification of beta 2 glycoprotein I[J]. J
Thromb Haemost, 2011, 9(Suppl 1): 275-282

[27] Agar C, van Os GM, Morgelin M, et al. Beta2-glycoprotein I can
exist in 2 conformations: implications for our understanding of the
antiphospholipid syndrome[J]. Blood, 2010, 116(8): 1336-1343

[28] Meroni PL, Peyvandi F, Foco L, et al. Anti-beta 2 glycoprotein I
antibodies and the risk of myocardial infarction

premenopausal women(J]. J Thromb Haemost, 2007, 5(12): 2421-2428

[29] Allen KL, Fonseca FV, Betapudi V, et al. A novel pathway for human

in young

endothelial cell activation by antiphospholipid/anti-beta2 glycoprotein
I antibodies[J]. Blood, 2012, 119(3): 884-893

[30] Amengual O, Atsumi T, Oku K, et al. Phospholipid scramblase 1
expression is enhanced in patients with antiphospholipid syndrome[J].
Mod Rheumatol, 2013, 23(1): 81-88

[31] Colasanti T, Alessandri C, Capozzi A, et al. Autoantibodies specific
to a peptide of beta2-glycoprotein I cross-react with TLR4, inducing a
proinflammatory phenotype in endothelial cells and monocytes [J].
Blood, 2012, 120(16): 3360-3370

[32] Raschi E, Testoni C, Bosisio D, et al. Role of the MyD88
transduction signaling pathway in endothelial

antiphospholipid antibodies[J]. Blood, 2003, 101(9): 3495-3500

[33] Alard JE, Gaillard F, Daridon C, et al. TLR2 is one of the endothelial

activation by

receptors for beta 2-glycoprotein I [J]. J Immunol, 2010, 185 (3):
1550-1557
[34] Sorice M, Longo A, Capozzi A, et al. Anti-beta2-glycoprotein I
antibodies induce monocyte release of tumor necrosis factor alpha and
tissue factor by signal transduction pathways involving lipid rafts[J].
Arthritis Rheum, 2007, 56(8): 2687-2697
[35] Lopez-Pedrera C, Buendia P, Cuadrado MJ, et al. Antiphospholipid
antibodies from patients with the antiphospholipid syndrome induce
monocyte tissue factor expression through the simultaneous activation
of NF-kB/Rel proteins via the p38 mitogen-activated protein kinase
pathway, and of the MEK-1/ERK pathway[J]. Arthritis Rheum, 2006,
54(1): 301-311
Zhou H, Sheng L, Wang H, et al. Anti-beta2GPI/beta2GPI stimulates
activation of THP-1 cells through TLR4/MD-2/MyD88 and NF-kB
signaling pathways[J]. Thromb Res, 2013, 132(6): 742-749
[37] Vega-Ostertag ME, Ferrara DE, Romay-Penabad Z, et al. Role of p38

136

—

mitogen-activated protein kinase in antiphospholipid antibody-
mediated thrombosis and endothelial cell activation [J]. J Thromb
Haemost, 2007, 5(9): 1828-1834

Allen KL, Hamik A, Jain MK, et al. Endothelial cell activation by
antiphospholipid antibodies is modulated by Kruppel-like transcription
factors[J]. Blood, 2011, 117(23): 6383-6391

Montoro-Garcia S, Orenes-Pinero E, Marin F, et al. Pharmacological

[38

=

[39

—

modulation of microparticle release: new strategies for the
management of atherothrombotic vascular disorders [J]. Curr Pharm
Des, 2012, 18(6): 840-849

[40] Mause SF, Weber C. Microparticles: protagonists of a novel
communication network for intercellular information exchange [J].
Circ Res, 2010, 107(9): 1047-1057

[41] Wu M, Barnard J, Kundu S, et al. A novel pathway of cellular activation



- 3992 .

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol19 NO.20 OCT.2019

mediated by antiphospholipid antibody-induced extracellular vesicles
[J]. J Thromb Haemost, 2015, 13(10): 1928-1940

[42] Chaturvedi S, Cockrell E, Espinola R, et al. Circulating microparticles
in patients with antiphospholipid antibodies: characterization and
associations[J]. Thromb Res, 2015, 135(1): 102-108

[43] Betapudi V, Lominadze G, Hsi L, et al. Anti-beta2GPI antibodies
stimulate endothelial cell microparticle release via a nonmuscle
myosin I motor protein-dependent pathway[J]. Blood, 2013, 122(23):
3808-3817

[44] Giannakopoulos B, Krilis SA. The pathogenesis of the antiphospholipid
syndromel[J]. N Engl J Med, 2013, 368(11): 1033-1044

[45] Arad A, Proulle V, Furie RA, et al. beta (2)-Glycoprotein-1
autoantibodies from patients with antiphospholipid syndrome are
sufficient to potentiate arterial thrombus formation in a mouse model
[J]. Blood, 2011, 117(12): 3453-3459

[46] Mann KG, Butenas S, Brummel K. The dynamics of thrombin
formation[J]. Arterioscler Thromb Vasc Biol, 2003, 23(1): 17-25

[47] Meroni PL, Raschi E, Testoni C, et al. Statins prevent endothelial cell
activation induced by antiphospholipid (anti-beta2-glycoprotein I)
antibodies: effect on the proadhesive and proinflammatory phenotype
[J]. Arthritis Rheum, 2001, 44(12): 2870-2878

[48] Romay-Penabad Z, Aguilar-Valenzuela R, Urbanus RT, et al.
Apolipoprotein E receptor 2 is involved in the thrombotic
complications in a murine model of the antiphospholipid syndrome
[J]. Blood, 2011, 117(4): 1408-1414

[49] McNally T, Mackie 1J, Isenberg DA, et al. beta 2 glycoprotein-I
inhibits factor XII activation on triglyceride rich lipoproteins: the
effect of antibodies from plasma of patients with antiphospholipid
syndrome[J]. Thromb Haemost, 1996, 76(2): 220-225

[50] Schousboe 1.
prekallikrein by activated factor XII and its inhibition by beta

Inositolphospholipid-accelerated ~activation of

2-glycoprotein I[J]. Eur J Biochem, 1988, 176(3): 629-636

[51] Schousboe I, Rasmussen MS. Synchronized inhibition of the
phospholipid mediated autoactivation of factor XII in plasma by beta
2-glycoprotein I and anti-beta 2-glycoprotein I [J]. Thromb Haemost,
1995, 73(5): 798-804

[52] Rahgozar S, Yang Q, Giannakopoulos B, et al. Beta2-glycoprotein I
binds thrombin via exosite I and exosite II: anti-beta2-glycoprotein I
antibodies potentiate the inhibitory effect of beta2-glycoprotein I on
thrombin-mediated factor Xla generation [J]. Arthritis Rheum, 2007,
56(2): 605-613

[53] Rau JC, Beaulieu LM, Huntington JA, et al. Serpins in thrombosis,
hemostasis and fibrinolysis[J]. J Thromb Haemost, 2007, 5(Suppl 1):
102-115

[54] Goldsmith GH, Pierangeli SS, Branch DW, et al. Inhibition of
prothrombin activation by antiphospholipid antibodies and beta
2-glycoprotein 1[J]. Br J Haematol, 1994, 87(3): 548-554

[55] Nimpf J, Bevers EM, Bomans PH, et al. Prothrombinase activity of
human platelets is inhibited by beta 2-glycoprotein-I [J]. Biochim
Biophys Acta, 1986, 884(1): 142-149

[56] Shi W, Chong BH, Hogg PJ, et al. Anticardiolipin antibodies block
the inhibition by beta 2-glycoprotein I of the factor Xa generating
activity of platelets[J]. Thromb Haemost, 1993, 70(2): 342-345

[57] Galli M, Bevers EM, Comfurius P, et al. Effect of antiphospholipid
antibodies on procoagulant activity of activated platelets and
platelet-derived microvesicles [J]. Br J Haematol, 1993, 83 (3):
466-472

[58] Ruggeri ZM, Mendolicchio GL. Adhesion mechanisms in platelet
function[J]. Circ Res, 2007, 100(12): 1673-1685

[59] Hulstein JJ, Lenting PJ, de Laat B, et al. beta2-Glycoprotein I inhibits
von Willebrand factor dependent platelet adhesion and aggregation[J].
Blood, 2007, 110(5): 1483-1491

(LEHE%E 3986 TT)

[28] Jackson TL, Desai R, Simpson A, et al. Epimacular Brachytherapy
for Previously Treated Neovascular Age-Related Macular
Degeneration (MERLOT): A Phase 3 Randomized Controlled Trial
[J]. Ophthalmology, 2016, 123(6): 1287-1296

[29] Odergren A, Algvere PV, Seregard S, et al. Vision-related function
after low-dose transpupillary thermotherapy versus photodynamic
therapy for neovascular age-related macular degeneration [J]. Acta
ophthalmologica, 2010, 88(4): 426-430

[30] Mimouni M, Meshi A, Vainer I, et al. Bevacizumab dosing every 2
weeks for neovascular age-related macular degeneration refractory to
monthly dosing [J]. Japanese journal of ophthalmology, 2018, 62(6):
652-658

[31] Chaudhary V, Barbosa J, Lam WC, et al. Ozurdex in age-related

macular degeneration as adjunct to ranibizumab (The OARA Study)

[J]. Canadian journal canadien
d'ophtalmologie, 2016, 51(4): 302-305

[32] Calvo P, Ferreras A, Al Adel F, et al. Dexamethasone intravitreal

of ophthalmology Journal

implant as adjunct therapy for patients with wet age-related macular
degeneration with incomplete response to ranibizumab[J]. The British
journal of ophthalmology, 2015, 99(6): 723-726

[33] Rezende FA, Lapalme E, Qian CX, et al. Omega-3 supplementation
combined with anti-vascular endothelial growth factor lowers vitreal
levels of vascular endothelial growth factor in wet age-related
macular degeneration [J]. American journal of ophthalmology,2014,
158(5): 1071-1078

[34] Sridhar J, Hsu J, Shahlaee A, et al. Topical Dorzolamide-Timolol
With Intravitreous Anti-Vascular Endothelial Growth Factor for

JAMA

Neovascular Age-Related Macular

ophthalmology, 2016, 134(4): 437-443

Degeneration  [J].



