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Figure 8: Thrombin, FXI and VWF, but not TF
are required for thrombus growth after
mural thrombus formation in rabbit jugular
vein. A) Venous growth was monitored over
time as fluorescence intensity of ICG after
endothelial denudation with rFVIll infusion.
Argatroban, anti-TF, anti-FXI and anti-VWF anti-
bodies were infused when average fluorescence
intensity of ICG exceeded three-fold back-
ground. Differences in average fluorescence
intensity of ICG before inhibitor administration
and 1 h after endothelial denudation are evident
(*p < 0.05, Tp < 0.01, p < 0.0001, n = 4 each).
B) Representative light and immunohistochemi-
cal microphotographs of venous thrombi. Ad-
ministration of argatroban, anti-FXI, and anti-
VWF antibodies after mural thrombus formation
reduced further thrombus formation enhanced
by tFVIIl infusion.
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Figure 8 continued: C) Areas of thrombi, and
GPllb/llia and fibrin immunopositive areas in
thrombi of jugular veins (*p < 0.05, tp < 0.01,
+p < 0.0001 vs rFVIH group, n = 10 sections
each).
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face at a high, but not at a low shear rate, indicating that VWF
might recruit FVIIT on the surface of platelets but not of collagen
under conditions of venous flow. This antibody also significantly
suppressed venous thrombus propagation, but to a lesser extent
than argatroban and anti-FXI antibody (3 Figure 8B and C).
These results suggest that VWF-platelet interaction contributes
principally to the initiation and somewhat to propagation of ve-
nous thrombus under high FVIII levels.

FXI is generally considered to be less important in normal
haemostasis, because a bleeding tendency is mild or absent in pa-
tients with an inherited or acquired FXI deficiency (33, 34). How-
ever, recent studies indicate that FXI is activated during blood co-
agulation and that even small amounts of FXI induce thrombus
growth by generating thrombin and by protecting thrombi from fi-
brinolysis via thrombin activatable fibrinolysis inhibitor (35, 36).

© Schattauer 2013

Therefore, FXI apparently plays a significant role in thrombus
growth and stability. Animal studies using FeCls- or vessel clamp-
induced venous thrombosis models have shown that FXI plays a
crucial role in thrombus propagation and stability (37-39). We and
others (20, 40) have also demonstrated that FXI contributes to ar-
terial thrombus propagation rather than to initiation. The present
study found that anti-FXIa antibody reduced venous thrombus
formation and propagation. FXI is mainly activated by thrombin
and FXTa but not by factor XII on negatively charged surfaces (41).
As thrombin generation is significantly promoted under high
FVII levels, FXIa could largely contribute to the initiation of
thrombus formation as well as thrombus propagation in venous
thrombosis.

Although studies have shown that TF contributes to venous
thrombus formation and propagation (42, 43), the source of TF in
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What is known about this topic?

e Flevated plasma FVIIl levels are associated with an increased risk
of deep venous thrombosis.

e However, whether elevated FVIIl levels promote venous thrombus
formation and/or propagation,.and its association wrth other co-
agu!a 'on factors in vivo remam unclear. G

What does this paper add?

e Elevated plasma levels of FVIll enhance venous thrombus
formation and propagation.

® Excess thrombin generation by FXI and VWF-mediated FVIII re-
cruitment might con’mhute to. FVIII- dnven ven" us thrombus
growth v :

venous thrombosis remains obscure. Mice with a severe TF deficien-
cy have impaired thrombus formation after inferior vena cava li-
gation (44). Transplanting wild-type mice with low-TF bone mar-
row does not suppress venous thrombus formation and transplant-
ing wild-type marrow into such mice does not accelerate thrombosis
(44). This indicates that vascular wall TF rather than circulating TF
is critical for venous thrombus formation. On the other hand, Von
Bruhl et al. reported that TF derived from myeloid leukocytes con-
tributes to venous thrombosis initiated by restricting blood flow in
the inferior vena cava (45). In addition, TF derived from haemato-
poietic cells or neutrophils was responsible for thrombus formation
and propagation in a laser-induced arteriolar injury model (46, 47).
We found here that anti-TF antibody reduced the formation, but not
the propagation of thrombus even in the presence of high FVIII lev-
els. Plasma TF protein was undetectable in the rabbits and TF in-
hibition in blood did not affect whole blood coagulation (data not
shown). Our results suggest that venous thrombus formation in this
model mainly depends on venous wall TF rather than blood-derived
TE These controversial results could be due to differences among
triggers of venous thrombus formation (endothelial denudation,
vessel ligation, flow restriction or laser-injury), flow condition (ab-
sence, presence or restriction), and vascular bed (jugular vein, in-
ferior vena cava, or arteriole).

Venous thrombi have been created in various animal models.
Ferric chloride (48) and electrolytic model (49) are reproducible,
but such chemical and physical reactions are far removed from the
actual pathophysiology of DVT. Vein ligation with or without en-
dothelial denudation (19, 50) allows the assessment of interaction
between the venous wall and progression from acute to chronic
thrombus, but has a disadvantage for evaluating the efficacy of
therapeutic agents. The vein stenosis model (30) can form laminar
thrombus in the presence of blood flow and mimics the clinical
situation, but it has the disadvantage of variations in thrombus size
and stability. Endothelial denudation without flow restriction in-
duces small venous, but not occlusive thrombi. We applied this
model to evaluate thrombus propagation under conditions of elev-
ated FVIII levels.

Thrombosis and Haemostasis 110.1/2013

In conclusion, our results suggest that elevated plasma levels of
FVIII enhance venous thrombus formation, and that excess
thrombin generation by FXI and VWEF-mediated FVIII recruit-
ment might contribute to FVIII-driven venous thrombus growth.
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Current national and international status of supportive therapy
for the coagulopathy associated with L-asparaginase containing
regimen for acute lymphoblastic leukemia
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We investigated supportive therapy against coagulopathy associated with L-asparaginase treatment in patients with
acute lymphoblastic leukemia who were enrolled in the Japanese Pediatric Leukemia/Lymphoma Study Group (JPLS®),
Japan Adult Leukemia Study Group (JALSG), and foreign institutes. Fresh frozen plasma (FFP) was administered as a
supplement in 46% patients in the JPLSG and 86% in the JALSG. The threshold level of FFP infusion was less than 100
mg/dl plasma fibrinogen in 70% of the JALSG and 20% of the JPLSG, while in another 20% of the JPLSG, FFP was
administered when the fibrinogen level was less than 50 mg/dl. The preventive use of antithrombin products (AT) was
prescribed in 932 of the JPLSG and 63% of the JALSG: The threshold level of AT supplementation was less than 7026 of
plasma antithrombin activity, which was similar in both groups. Most foreign institutes do not routinely use FFP or AT.
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