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Summary

Background and Objective—Tissue factor pathway inhibitor (TFPI) and thrombomodulin
(TM) are endothelial-associated anticoagulant proteins thought to control hemostasis in specific
vascular beds. Here, we have examined the consequences of TFPI deficiency in the presence of a
compounding procoagulant state caused by reduced TM function.

Methods and results—TFPI*/=/TMP/Pro mice are born at less than expected frequency in
either TFPI*/=/TMPro/* or TMPO/Pro mothers but are born at near the expected frequency in
TMP*mothers. Adult TFPI*/=/TMP/Pro mice have elevated thrombin-antithrombin complex
and increased thrombus volume in an electrical injury model of venous thrombosis. In striking
contrast to mice with single deficiency of TFPI or TM, TFPI*/~/TMP"/Pr0 mice exhibit augmented
fibrin deposition not only in the liver, but also in the cerebral microvasculature.

Conclusions—TFPI*/~/TMP/Pro mice exhibit partial intrauterine lethality when carried by
mothers with an underlying prothrombotic state, providing the first experimental evidence in an
animal model that TFPI-dependent control of hemostasis in the vascular bed of the placenta
fulfills a critical role for successful pregnancy outcome. In addition to the placenta, partial TFPI
deficiency interacts with decreased TM function in an organ selective manner to produce fibrin
deposition in other specific vascular beds, the liver and brain.
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Introduction

Established genetic risk factors for thrombotic disease in humans that have been linked to
genetic mutations, such as factor (F)V Leiden, or deficiency of antithrombin, protein C or
protein S, have variable penetrance. Some individuals with one of these risk factors have
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thrombotic disease at an early age, while others, with the same genetic defect, will never
have thrombotic disease. Clearly, multiple factors contribute to the ultimate severity of
inherited thrombotic disorders. In addition, various hypercoagulable states are associated
with local thrombus formation in specific vascular beds [1]. The goal of the work presented
here is to characterize mice with combined tissue factor pathway inhibitor (TFPI) deficiency
and thrombomodulin (TM) dysfunction in order to examine how partial TFPI deficiency
alters the thrombotic predisposition of other thrombotic risk factors and to define vascular
bed specific anticoagulant properties of these two endothelial-associated proteins.

TFPI is an anticoagulant protein found associated with the endothelial surface [2,3], within
platelets [4,5] and circulating in plasma [6]. It exerts its anticoagulant activity through
inhibition of factor Xa (FXa) and the tissue factor-FVIla (TF-FVIla) catalytic complex that
initiates blood coagulation [7]. In humans, low plasma TFPI is not a well-established risk
factor for thrombosis [8-11]. However, the development of recombinant FV1la therapy has
shown the tissue-factor pathway to be an important target for treatment in patients with
acquired inhibitors to FVIII. This suggests that modulation of TFPI activity could be an
attractive therapeutic target for treatment of hemophilia [12]. In mice, TFPI heterozygosity
(TFPI*/) in the absence of other genetic abnormalities has not been shown (previous to this
study) to produce a hypercoagulable state despite the presence of only 50% normal TFPI
activity [13]. However, when TFPI*/~ mice are bred onto the homozygous FV Leiden
(FVQ/Q) background, the TFPI*/=/FVQ/Q mice suffer from severe perinatal thrombosis [14],
demonstrating that partial TFPI deficiency can synergize with other thrombotic risk factors
to produce heightened thrombophilia.

TM, like TFPI, is an endothelium-associated anticoagulant protein. TM exerts its
anticoagulant activity by binding thrombin and acting as a cofactor that allows thrombin to
activate protein C. Activated protein C produces anticoagulant activity through degradation
of FVa and FVIlla. A mouse model of TM deficiency, called TMP™, has been developed
[15]. These mice express a mutated form of TM containing a glutamine to proline mutation
in the region between the fourth and fifth epidermal growth factor domains [16]. This
mutation reduces TM expression and disrupts TM-dependent activation of protein C [15,16].
Mice homozygous for the TMP mutation (TMP/Pro) mice are viable and fertile. They do
not exhibit spontaneous thrombosis on the C57BI/6 background but have evidence of tissue
fibrin deposition when bred onto the 129SvPas background [17].

Studies using an /n vitro model system of purified coagulation factors demonstrated that
TFPI and TM act synergistically to quench TF-mediated thrombin generation via
neutralization of prothrombinase activity [18]. However, it is unclear how TFPI and TM
anticoagulant activities may cooperate within different vascular beds in vivo. For example,
within the brain, which produces abundant TF, TM expression is very low [19,20] and
TMPro/Pro mice do not have fibrin deposition within the brain even after injection of
lipopolysaccharide [17] suggesting that other anticoagulants, such as TFPI, may be
important for prevention of cerebral thrombosis. In the present study, the TFPI*/~ phenotype
was bred with mice carrying the TMP mutation to examine how these two key
endothelium-associated anticoagulant proteins cooperate /n vivoto prevent the development
of intravascular thrombosis.

Transgenic animals

Mice containing a TFPI mutation such that the first Kunitz domain is not produced were a
gift of Dr George Broze Jr (Washington University, St Louis). TMP™/Pro mice have been
described earlier [15,17]. The phenotypic penetrance of thrombaosis in mice is strongly
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influenced by the genetic background. Therefore, all mouse strains were backcrossed to
wild-type C57BI/6 mice for at least 10 generations. All animal experiments were approved
by the institutional animal care and use committee at the Medical College of Wisconsin.

Analysis of baseline coagulation and tissue fibrin deposition

Plasma thrombin—antithrombin complexes (TAT) were determined using a commercially
available ELISA assay (Dade Behring, Newark, DE, USA). Plasma for these assays was
obtained from mice injected 10 min prior to sample collection with 500 U of unfractionated
heparin. Blood (400-1000 pL) was collected by venipuncture of the inferior vena cava and
plasma samples frozen at =80 °C for batch analysis.

Detection of tissue fibrin deposition

Synthesis of the fibrin-fibronectin binding peptide, CGLIIQKNEC [21], was performed
according to standard FMOC (9-fluorenylmethoxycarbonyl) protocols. The peptide was
purified by high-performance liquid chromatograph (HPLC), and N-terminally labeled with
FAM succinimide ester (S, E). The peptide was cyclized with DMSQO, the DMSO removed
by HPLC, and the peptide was lyophilized. The peptide (400 ug) was diluted in 200 ul 0.05
M carbonate buffer, pH 9.6 for retro-orbital injection. Three hours later, mice were perfused
with 4% paraformaldehyde, and tissues were harvested and incubated overnight in 30%
sucrose. Tissues were mounted in OCT embedding media (Tissue-Tech, Torrance, CA,
USA) and stored at —80 °C. Frozen tissue sections were fixed in 4% paraformaldehyde and
mounted in fluorescence mounting medium with DAPI (Vector Laboratories, Burlingame,
CA, USA). Sections were analyzed using the Zeiss Axioskop fluorescence microscope
(Zeiss, Thornwood, NY, USA). Tissue sections were also analyzed using the Martius,
Scarlet and Blue fibrin stain [22]. With this technique, fibrin stains red, fresh fibrin stains
yellow and connective tissue stains blue. Sections were analyzed using a Nikon Eclipse
E600 microscope (Nikon, Melville, NY, USA).

Venous thrombosis induced by electrical injury

Age- and sex-matched groups of mice were anesthetized with intraperitoneal pentobarbital
(50 mg/kg body weight). An electric injury-based model of venous thrombosis was applied
to the femoral vein, as described previously [23]. Briefly, a microsurgical needle was placed
within the vein lumen and a direct 1.5-volt current was applied to the needle for 1 min. After
current application and needle removal, a non-occlusive thrombus subsequently grew at the
site. Vessels with indwelling thrombi were harvested 30 min after thrombus induction, fixed
in formalin, paraffin-sectioned in their entirety, and histomorphometrically analyzed to
determine thrombus volumes. The 30-min time point was chosen because it represents the
time of stable, peak thrombus growth [23].

Statistical analysis of data

The significance of survival differences between groups was determined using the chi-
square analysis. A double-tailed #test was used for assigning significance to the TAT
values. Venous thrombus volumes were compared among groups with avov, using posthoc
Student—-Newman-Kuels tests for between-group comparisons. P-values of <0.05 were
considered significant.
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Results

Decreased embryonic survival of mice with combined TFPI and TM deficiency

In mice, TFPI and TM are located 37 centimorgans apart on chromosome 2 resulting in
allele segregation in about 40% of meioses. Because linkage between TFPI1 and TM is weak,
breeding studies were performed without defining the haplotypes of individual mice.

TFPI*/=/TMPr/Pro mice were generated in three different crosses in which the mother had a
different prothrombotic phenotype. Embryonic lethality was observed in two of the three
crosses. In the first cross, breeding of TFPI*/-/TMPT* females with TMPT/PT® males
produced significantly reduced numbers of TFPI*/=/TMP/Pro pyps (total number analyzed,
n=151; 41 TMPro/Pro. 7 TEp*/=/T\jPro/Pro. 48 T\Pro/+: 55 TEP|*~/TMPro/+: p=7 5E-09).
In the second cross, the reverse mating of TMPT/PT0 females with TFPI*/~/TMP™/* males
similarly produced reduced numbers of TFPI*/=/TMP/Pro pyps (= 129; 45 TMPro/Pro; 11
TFPI*/=[TMPro/Pro; 22 TMPro/+: 51 TFPI*+~/TMPr/*+; p=1.6E-05). Combined data from
these two matings is presented in Table 1. It is important to note that both of these matings
would produce equal numbers of TMP/+ and TFPI*/~/TMP/Pro offspring regardless of the
rate of crossover; the dramatically reduced number of TFPI*/=/TMPr/Pro offspring compared
with that of the TMP™* offspring demonstrates unequivocally that the TFPI*/~/TMPro/pro
embryos suffer from lethality prior to weaning.

To determine if the TFPI*/=/TMP/Pro mice die during embryonic development or during
the perinatal period, E18.5 embryos from TMP™/P1® females mated to TFPI*/~/TMPro/*
males were genotyped. Significantly reduced numbers of TFPI*/=/TMPr/Pro empryos were
present at E18.5 (1= 28; 1 TFPI*/~/TMPO/Pro; p=0.009) (Table 2). These data show that
TFPI*/=/TMPT/Pro mice die /i utero during embryonic development. Genotyping of
embryos between E11.5 and E13.5 revealed normal numbers of TFPI*/~/TMPro/Pro empryos
indicating that embryonic death occurs after E13.5 (7= 18; 5 TFPI*/~/TMPo/Pro; p=(.785).

To determine if the degree of the prothrombotic state of the mother contributes to the death
of TFPI*/~/TMPT/Pro embryos, a third cross in which TFPI*/~/TMPTo/Pro males were mated
to TFPI*"*/TMPr/* females (the least prothrombotic mothers that can produce TFPI*/~/
TMPo/Pro offspring) was performed. In these breeding experiments, the TFPI*/~/TMmPro/Pro
embryos were produced at near-expected frequency (7= 75; 15 TFPI*/~/TMmPro/Pro; p=
0.317) (Table 3). These data demonstrate that the maternal phenotype is an important
determinant of intrauterine survival of TFPI*/~/TMPro/Pro mice,

TFPI*/=/TMPro/pro mice have elevated plasma TAT levels

TFPI*/~ mice do not exhibit a prothrombotic state when maintained under standard
husbandry conditions and their plasma TAT levels are indistinguishable from wild-type
mice (Fig. 1). TMPr/P® mice on the C57BI/6 background exhibit a mild hypercoagulable
state associated with increased plasma TAT levels (Fig. 1). Combination of these two
prothrombotic phenotypes in the TFP1*/=/TMP"/Pro mice produces significantly elevated
plasma TAT levels when compared with TMPT/Pro mice, demonstrating a synergistic effect
of TFPI and TM deficiencies toward creating a systemic procoagulant state (Fig. 1).

TFEPI*/=/TMPro/pro mice have fibrin deposition in liver and brain

Pilch and co-workers developed and characterized a cyclic peptide that specifically binds to
fibrin—fibronectin complexes in mice [21]. This peptide was injected into TFPI*/~/TMPro/pro,
TFPI*/=, TMP/* and TMPT/Pro mice to evaluate the development of tissue fibrin deposition.
The TFPI*/=/TMP/Pro mice have distinct, multifocal areas of hepatic fluorescence
demonstrating fibrin deposition within the liver. These fluorescent areas are not found in the
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livers of mice with other genotypes (Fig. 2A). Peptide deposition is often observed in areas
where the normal hepatic architecture appears to be disrupted from thrombotic disease.
When observed with the Martius, Scarlet and Blue fibrin stain, multifocal areas of fibrin
deposition are present in association with macrophages and neutrophils consistent with a
sterile inflammatory response to fibrin deposition with associated disruption of the hepatic
architecture (Fig. 2B). In addition to the liver, fibrin deposition is evident within the brain of
TFPI*/~/TMPr/Pro mice as distinct punctuate fluorescence within vessels of the pia matter
surrounding the cerebellum (Fig. 2D). This pattern of fluorescence was relatively rare but
consistently present in the TFPI*/~/TMPro/Pro mice; identified in two to four vessels of all
four mice examined. In contrast, this pattern of fluorescence was found in only one vessel of
one control mouse (TFPI*/~) (data not shown). Examination of the vascular beds from the
other major organ systems did not reveal differences in peptide deposition in any of the
mouse genotypes. All mice examined had significant amounts of peptide within the kidneys
consistent with its renal clearance from the circulation (data not shown).

Measurement of thrombus volume after venous injury

The extent of venous thrombus formation in wild-type, TFPI*/=, TMPo/Pro and TFPI*/~/
TMPO/Pro mice was examined using an electrical injury model [23]. In this model, both
TFPI*/~ and TMP/Pro mice have significantly increased thrombus volume compared with
wild-type mice (Fig. 3). These data are the first to demonstrate that partial TFPI deficiency
in the absence of other genetic modifiers contributes to thrombus growth in a vascular injury
model. Experiments performed with TFPI*/=/TMP/P® mice demonstrate that addition of
TFPI heterozygosity significantly increases injury-induced thrombus volume when
compared with the TMPT/Pro mice (Fig. 3).

Discussion

Totally TFPI-deficient humans have not been identified and the absence of TFPI results in
embryonic death of mice. Many TFPI null mice die between days E9.5 and E11.5. Mice
surviving beyond E11.5 have normal organ development but have short tails and other signs
of coagulopathy including diffuse fibrin(ogen) deposition in the liver and rare intravascular
thrombi in the brain [13]. These findings are consistent with unregulated TF-FVIla activity
producing a consumptive coagulopathy in the TFPI null embryos.

In contrast to the severe phenotype of the TFPI null mice, a propensity for thrombosis in
TFPI*/~ mice has not been described previously. Partial TFPI deficiency produces severe
thrombosis when bred into FVQ/Q mice [14]. TFPI*/=/FVQ/Q mice have nearly complete
perinatal mortality with fibrin deposition or tissue infarction present in the liver, lung and
kidney, suggesting disseminated thrombosis. This is strikingly different from the FVQ/Q
mice that develop normally and rarely exhibit spontaneous thrombosis depending on the
genetic background of the mice [24]. The TFPI*/~ phenotype has also been bred into ApoE
null mice [25]. The TFPI*/~/ApoE null mice developed increased atherosclerotic burden in
carotid and common iliac arteries providing further evidence that partial TFPI deficiency
contributes to the development of vascular disease in the presence of other genetic risk
factors.

In vitro experiments have demonstrated that TFPI and TM act synergistically to quench
thrombin generation in TF-initiated assays [26]. Here, we have demonstrated that combined
partial deficiencies of these two endothelium-associated anticoagulant proteins produce a
severe thrombotic state /77 vivo. TFPI*/=/TMP/P® mice have increased intrauterine lethality
with death occurring between E13.5 and E18.5. Animals surviving to adulthood have an
enhanced prothrombotic state when compared with either TFP1*/~ or TMPro/Pro mijce,
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The TFPI*/~/TMP/Pro mice have greatly reduced embryonic survival in either TFPI*/~/
TMPO/+ or TMPFO/Pro mothers. As mice with the other genotypes are born at the expected
frequencies in these mothers, the fetal genotype contributes to the death of the TFPI*/~/
TMPro/Pro embryos. This finding is consistent with our recent demonstration of the critical
role of TFPI expressed on differentiated fetal trophoblast cells in the down-regulation of
constitutive TF activity on these cells [27]. In contrast, TFPI*/=/TMP/Pro mice are born at
near the expected frequency from TMP™/* mothers, the least prothrombotic maternal
phenotype that can produce TFPI/=/TMP/Pro offspring. These data demonstrate that
survival of the TFPI*/=/TMPr/Pr® embryos is also dependent on the maternal genotype. We
have recently documented reduced intrauterine survival of TMP™/Pro mice in mothers
carrying the FV Leiden allele [28]. The current data provides experimental evidence that
both maternal and fetal TFPI status also affects intrauterine survival of TMP/Pr0 mice. It is
likely that embryonic death of the TFPI*/=/TMPr/Pro mice is as a result of synergistic effects
of fetal and maternal prothrombotic mutations producing thrombosis at the fetal-maternal
interface within the placental vascular bed.

Adult TEPI*/=/TMPro/pro mice are fertile and do not exhibit grossly apparent signs of
thrombosis. Compared with either TFPI*/~ or TMP'/Pro mice, plasma TAT levels in
TFPI*/=/TMPro/Pro mice are significantly elevated demonstrating enhanced thrombin
production and suggesting the presence of systemic activation of coagulation. Plasma TAT
levels in TMPro/Pro mice are elevated over wild-type while TFPI*/~ mice have no change in
TAT level. This indicates an augmented systemic activation of coagulation in mice with the
TMPro/Pro genotype. However, when compared in the venous thrombosis model, the TFPI*/~
and TMPro/Pro mice both had increased thrombus volume with no significant difference
between the two phenotypes. This demonstrates that in the presence of an intravascular
coagulation challenge, the hypercoagulable status of the TFPI*/~ and TMPO/Pro mice
produces a similar effect on the developing venous thrombus regardless of the systemic
activation of coagulation in the absence of thrombotic challenge.

Further evidence for the presence of systemic activation of coagulation in the TFPI*/~/
TMPro/Pro mice s provided by studies using a fluorescent peptide that specifically binds to
clot-bound fibrin [21], a simple and sensitive means for detection of fibrin deposition /in
vivo. Experiments using this peptide demonstrated distinct areas of fibrin deposition within
the liver and brain of TFPI*/~/TMP/Pro mice. It is notable that this same pattern of fibrin
deposition in the liver and brain is observed in TFPI null embryos [13], but is distinctly
different from the pattern of fibrin deposition in the lung and heart observed in TMPro/pro
mice on the 129SvPas background [15,17] [the TMP™/Pr® mice on the C57BI/6 background
used in this study do not exhibit fibrin deposition in any organ system [17]] as well as in
mice with severe protein C deficiency [29]. Thus, superimposing partial TFPI deficiency on
the TMPr/Pro mutation produces an organ-specific pattern of fibrin deposition similar to that
produced by TFPI deficiency and not that of deficiency in the TM-protein C system. The
lack of fibrin deposition within the heart and lung of TFPI*/~/TMP/Pro mice may be a result
of the high amounts of TFPI produced by these tissues [2], such that sufficient amounts of
TFPI remain to regulate TF-FVIla mediated fibrin production even in animals with
heterozygous deficiency. It is also interesting to note that TMP™/Pro mice, regardless of
genetic background, have not previously been shown to have fibrin deposition in the brain.
This is true even after lipopolysaccharide challenge that induces fibrin deposition in multiple
other vascular beds [17]. Here, it is demonstrated that partial TFPI deficiency induces
intravascular fibrin deposition in the brain of TMP/Pro mice. These data suggest that within
the brain vasculature, TFPI may be the primary endothelium-associated anticoagulant, with
the TM-protein C system playing a secondary role.

J Thromb Haemost. Author manuscript; available in PMC 2013 May 07.
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It has been previously demonstrated that TFPI*/~ mice have the same average time to
occlusive arterial thrombosis as wild-type mice in a Rose bengal photo-induced model of
carotid artery injury [14]. Here, we examined thrombus development in TFPI*/~ mice using
a venous electrical injury model [23]. This model has the unique advantage of generating a
measurable non-occlusive venous thrombus under maintained conditions of flow, thus
simulating early events in clinical deep vein thrombosis [23]. The developing thrombus is
composed primarily of a fibrin clot, but has a dependence on platelet adhesion/aggregation.
The finding of increased thrombus volume in TFPI*/~ mice represents the first
demonstration of an increased thrombotic response to vascular injury in these mice. Study of
TFPI*/=/TMPro/Pro mice with the venous injury model demonstrates that the addition of
partial TFPI deficiency to the prothrombotic condition produced by reduced TM function
further increases the risk for thrombosis associated with venous injury. These data indicate
that TFP1*/~ is an independent risk factor for development of venous thrombosis in this
model even in the presence of other thrombotic risk factors.

The use of mouse models to investigate the role of TFPI in thrombotic disease is important
because mice with well-defined deficiency of both cell-associated and plasma TFPI can be
produced and examined. In contrast, identification of partial TFPI deficiency in humans is
limited to measurement of the plasma TFPI concentration that does not necessarily represent
the amount of endothelial and platelet associated TFPI [4-6] These differences in our ability
to definitively define TFPI deficiency in mice and humans perhaps accounts for the
differences in the pro-thrombotic effects of TFPI deficiency observed in mouse models and
clinical studies. Mouse models have demonstrated a significant contribution of partial TFPI
deficiency to thrombotic disease [14], while clinical studies have only weakly linked low
plasma TFPI concentration to disease in humans. Several clinical studies have suggested the
presence of a ‘threshold effect” where patients with free (non-lipoprotein bound) plasma
TFPI less than 10% of the normal mean value are at increased risk (~2-fold) of both deep
venous thrombosis and myocardial infarction [8-11]. In these studies there was no
difference in the mean free plasma TFPI level between the disease and control groups. In
other clinical studies there is a considerable amount of conflicting data about the
contribution of plasma TFPI levels and polymorphisms to the development of thrombosis
[30-33]. This is likely a result of the wide normal range for plasma TFPI [6], and the various
methods for measurement of plasma TFPI [34]. Thus, studies in mice are substantially more
informative than clinical studies in humans because the TFP1*/~ mice have a well-defined
deficiency of endothelial, platelet and plasma TFPI. Extrapolation of the data obtained from
studies in mice to human disease suggests that partial TFPI deficiency significantly
contributes to the variable phenotypes observed in humans with established genetic risk
factors for thrombosis. The results emphasize the need for development of new clinical
assays to measure endothelial-associated and platelet TFPI.
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Fig. 1.

Plasma thrombin-antithrombin complexes (TAT) concentration in wild-type, TFPI*/~,
TMPro/pro and TEPI/*/TMPro/Pro mice. Values for wild-type (7= 3) and TFPI*/~ mice (n=
3) are indistinguishable. The average + SD values are 4.82 + 3.05 for the TFPI*/*/TMPro/pro
mice (n = 10) and 11.4 + 8.12 for the TFPI*/*/TMP/Pr0 mice (n= 16), P< 0.03.
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Fig. 2.

Figbrin deposition in liver and brain of TFPI*/~/TMP/Pro mice. Panels A, B and C are liver;
panels D, E and F are brain. All panels are at 20x magnification with 50 micron scale bars
except panel B that is 100 x magnification with 10 micron scale bar. (A) Fibrin deposits
(green) within the interstitia of the liver from a TFPI*/~/TMPro/Pr® mouse detected using a
fluorescently labeled peptide (green) that specifically binds to fibrin—fibronectin complexes
[21]. Cell nuclei are stained blue with DAPI. (B) Martius, Scarlet and Blue fibrin stain of a
representative liver lesion. This stain colors fibrin red, fresh fibrin yellow and connective
tissue blue. Multiple neutrophils are present within the lesion. (C) Brightfield image of the
liver lesion presented in panel A. (D) Fibrin deposition (green) within vessels of the pia
matter surrounding the cerebellum of TFPI*/=/TMP/Pro mice detected using the fibrin
binding peptide (arrows). Cell nuclei are stained blue with DAPI. (E) Hematoxylin and eosin
stain of section similar to that shown in panel D showing the pia matter of the cerebellum
where the fibrin deposition was most commonly observed. (F) Brightfield image of brain
presented in panel D.
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Fig. 3.

Thrombus volume in a venous electrical injury model. Mice (7= 10 for all groups) were
subjected to venous injury and thrombus volume measured by histomorphometry. P-values
comparing different mice are as indicated.
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Table 1
Combined survival at wean of (M x F) TMP'O/Pro x TEPI+~/TMP'/* and TFPI*/=/TMP/*+ x T\Pro/pro

TEPI*/ TFEPI*/

TMpro/pro TMpro/pro TMpr0/+ TMprol+
Number of mice 86 18 70 106
Percent present  30.7 6.4 25.0 37.9
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Table 2

E18.5 survival (M x F) TFPI*/=/TMP/*+ x T\pro/pro

TEPI*/ TFEPI*/
TMpro/pro TMpro/pro TMpr0/+ TMprol+
Number of mice 8 1 6 13
Percent present 28.6 3.6 21.4 46.4
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Table 3

Survival at wean of (M x F) TFPI*/=/TMPo/pro x Tpro/+

TMpro/pro

Number of mice 19

Percent present ~ 25.3

TEPI*/ TFEPI*/
TMpro/pro TMpr0/+ TMprol+
15 13 28

20.0 17.3 373
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