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Research progress on the inhibitors against factor XI
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Abstract: The incidence of thrombotic diseases has increased in the past decade, a factor endangering human
health. Currently, antithrombotic drugs used in the clinic have side effects such as inducing bleeding. Data from
clinical observation indicate that congenital deficiency of factor X1 (FXI) gene decreases the incidence of stroke
and deep venous thrombosis, without causing spontaneous bleeding. This unique property of FXI makes it a
potential new target for antithrombotic drugs development. Many studies have focused on the discovery of novel
inhibitors targeting FXI. This review summarizes the research progress in searching for the inhibitors against FXI.
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Table 1 Comparison of the characteristic of the various factor XI (FXI) directed anticoagulant therapies. ASO: Antisense oligonucleotides

Characteristic ASOs3] Small moleculart®-4% Antibodiest**4?
Mechanism Reduce hepatic synthesis of FXI Reversible active site inhibition Bind and block its activation FXI or FXla
Administration Subcutaneous Oral or intravenous Subcutaneous or intravenous
Onset of action Slow Rapid Rapid
Offset of action Slow Rapid Slow
Dosing frequency High High Low
Indications Chronic Acute or chronic Acute or chronic

Table 2 Synthesis of studies on antisense therapy against coagulation factor XI

Maximum plasma

Author
factor XI reduction

Cohort Dosage

Clinical endpoint

Zhang et al®*!  Mice 509g-kg*  Activity: >90%;
concentration: >90%
Younis et al*!  Cynomolgus 4-40 mg-kg* Activity: 75%

monkey

Crosby et al® Baboon 25mg-kg*  Activity: 70%;
concentration: 70%

Yau et a3 Rabbit 15mg-kg? Activity: 99%;
concentration: 6%

van Montfoort Mice 50mg-kg* Activity: 64%

et all*®l

Biiller et al®  Human 200-300 mg  Activity (200 mg): 59%

Antithrombotic activity was similar to that of warfarin or enoxaparin; lower
bleeding than enoxaparin or warfarin
None

Platelet accumulation in propagated thrombus reduced by 40%; no major
bleeding compared with placebo
Prolongation of mean time of jugular vein catheter occlusion

Decreased thrombus propagation and fibrin deposition after carotid plaque
rupture; no major bleeding compared with placebo
The antithrombotic effect and safety of 300 mg ASO group were better than

Activity (300 mg): 78% enoxaparin; marginally but not significantly lower bleeding than enoxaparin




© 994 - Z4%% %4 Acta Pharmaceutica Sinica 2019, 54(6): 991 -999

maximal inhibitory concentration, 1Cs,) i5%]12 nmol- L,
Lk B v T UL 100 1%, % T FXa 1000 fif, 75K
BRI R R TR PR R A R . T I S S A FIAR A 1
- LA A1) BMS-262084 (1k &4 23649 |C,, =
2.8 nmol - LY J& — Fl A 20 A FXla #5515 H
fiby AH 6 22 E R B (A B (o e i B L FXa. FIXa. FXlla.
TF/V a4 23 25 45 Wiy J57 300 77 PR B0 A 25 345 i) AR
L, fb& W 2 50 FXla ik # V5 1 70 £5 B B, EXE
R AN R B IR B AN T . R K BR B
(1 1L A T B ASE 2 e 4 R U 452 B4k & 4 2 1 T If A% A
Fl . Buchanan Z5E05% g 4% marine sponge H 43 &5 3 2
R H A 0 3 IR Wy A 0 Bk clavatadine A (1L &4 3,
ICs, = 1.3 umol - L) 42 FXIla (3L #sil 71. tb& 9
1.2 F13 4516 WA 1.
322 TAHRHIF AR KA R SR A S FXIa
AL DX (35 PR s 25 2, JLil I 5 FXIa B2 ANB T
AR pi g, INTTIAZIHIHI/ER . Al-Horani %P1 4
R T — R B ER AL Ik 0L e 25 8 1 D FXa
(1745 K4 ) 551, A A A 4 4 19 Ki 521 nmol - L2, i
P A A S 1Y) 200 1% . Argade 25U 45 A5 1)
A R R R AR = R AR AR FXa il 3
AL &5 A 5 FXla i Apple 338 45 &, H 1C,, ik 3]
820 nmol - L. H A & A FF FX1a 28 4 # il 771 % A A
1) 55 ] 3 10 160 590 [ R RO PR K o SR, AR R 4
il FXlad@flt 7 — M B AR T, Nl — DS I
BN oy A HI R B4 7T R . LA 4 15 g5
L 2.
3.2.3 AETBRIRAIEHDFIFT ARG ER oy 0 H 77) 2 FXI
NG TR P AR R 2 I, BRI AR
SIS

Bayer 2 F] & I 2K A 2 IR AT A W0nf FXTa =2 A 411
9 A, Ak A 6 AN 7 X FXTa 410 1) 35 M B 4 (1C,
4355 0.9 F10.34 nmol - LY. ZK 4 ST T

N
H

o)
K

R R
4 R=0S0;Naor OH FXla Ki= 521 nmol-L"

-0
0SO;Na m
COEEO,LC g

|
5 FXlalCs =820 nmol-L"!

Figure 2 Allosteric inhibitors of FXla. Ki: Inhibition constant
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Figure 1 Covalent inhibitors of FXla. ICy,: Half maximal inhibitory concentration
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Figure 3  Acyclic reversible FXla inhibitors
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Table 3 Comparison of the features of the FXI antibodies. APTT: Activated partial thromboplastin time; PT: Prothrombin time; BT: Bleed-

ing time; DVT: Deep venous thrombosis; TKA: Total knee arthroplasty

Compound Feature In vivo analyses Reference
aFXI Prolongs the APTT, but the PT and BT are unaffected. Reduces intraluminal thrombogenesis in baboons [56]
arterio-venous shunts model.

X1-5108 Binds selectively to human and rabbit FXI and not to Inhibits arterial thrombus formation in rabbit iliac [57]
other coagulation factors, increases APTT by more than arteries and rabbit models of DVT.
two-fold, but does not affect PT.

aXIMAb Binds to FXI/Xla apple 3 domain. Inhibits FXI activation  Inhibits thrombus formation in baboon arterio-venous [41]
and FXla activation of factor IX. shunt model.

14E11 Binds to FXI apple 2 domain. Inhibits FXI activation by Inhibits thrombus formation in baboon vascular graft [42]

FXlla, but does not affect FXI activation by thrombin, or

FXla activation of factor IX.
C24 and DEF Block FXla active-site function but do not bind FXI
zymogen or other coagulation proteases.

aFXI-175and Binds to FXI apple domain 4 and domain 2, respectively.

aFX1-203

BAY 1213790 Binds to the FXla catalytic domain.

MAAS868 Binds to the FXIa catalytic domain.

model, and consumptive coagulopathy in a mouse

peritonitis model.

Prevent FeCl,-induced carotid artery occlusion in FXI- [58]
deficient mice reconstituted with human FXI and in
thread-induced venous thrombosis in rabbits.

Inhibit FeCl,-induced inferior vena cava thrombosis [59]
model in mice. aFXI1-175 inhibits thrombin generation

with lower levels of tissue factor.

Reduces thrombus weight in rabbit FeCl, arterial throm- [60]
bosis model. No effect on bleeding times. Phase | studies

in healthy adult males. Phase Il trials ongoing in TKA.

Prolongs APTT in primates for >30 days. Phase Il studies [60]
announced in atrial fibrillation and TKA.
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Table 4 Comparison of the characteristics of the FXI protein inhibitors

Molecularweight

Animal Administration

Compound Source Structure (AA) Inhibition type experiment route (dosage) Ref.
Desmolaris Desmodus Kunitz-type 21.5kD Asslow, tight, and FeCl-induced  Tail vein injection [61]
rotundus protease (189 AA) noncompetitive carotid artery 0.010r 0.1 mg-kg*
inhibitor inhibitor of FXla thrombus in
BALB/c mice
Fasxiator Bungarus Kunitz-type 7529.40+0.85D High selectivity, FeCl,-induced  Tail vein injection [62]
fasciatus protease (62 AA) slow-type inhibitor  carotid artery 0.2 mg per mice
inhibitor of FXla thrombus in 0.3 mg per mice
BALB/c mice
Kunitz protease inhibitor Homo sapiens Kunitz-type 6.3 kD Highly specific Murine model Tail vein injection [63]
(KPI) domain of protease protease (57 AA) inhibitor of FXla of FeCl-induced 0.2 mL per mice [65,66]
nexin-2 (PN2) inhibitor carotid artery
thrombosis
AduNAP4 Ancylostoma 9437.7D An inhibitor of both [64]
duodenale (81AA) FXa and FXla

KBS/, ARS8 BAS Gy 5, 5 ST R AN R
JSNESE s /Ny T3 FAE PG E 2 5 B, R R
2 U AR 5T, B8 R TR 22 P SR 1l 7 76 T
7 ANE 7 e m0S M ot e R R R O S LA
B A, I PR ASE FH AT 4, L R A A5, AT 75 5 R A —
matE ., REEGEE W RARLAY IR, BN T
T 2 B R SR = W vh g3 B AR B VF 2 PR Bl b 4
4y, HESHPURE 25 /0 & J# . i A\ Hirudo medicinalis 43
2015 2] P10 5% I A ) 7] K 2RO, (EL K U 2R A Tk UL g
(R AT 3 0] 7). 56 [ Medicines fill 24 28 =] 4R 45 7K i
FE AP BT A e I AT 3 0 A LR S R
F T2 R eb IR 30 ik e T AR s 00, [RL g, 3 — 20 AR
SR 259 PR R 4R BL X R 5 ke 259, I AT
DA F L35 M A7 o B AT s, W 70 R e 4 B RE
I FH S L5 A A 245470, K R XS L A P 5 s 1
e R AEEERER .
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