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Tissue-type plasminogen activator transgenic rats for
evaluating inhibitors of the activated form of
thrombin-activatable fibrinolysis inhibitor

Yusuke Ito?, Kengo Noguchi®, Yoshiyuki Morishima® and Kyoji Yamaguchi?

No rodent models are currently available for evaluating
inhibitors of the activated form of thrombin-activatable
fibrinolysis inhibitor (TAFla) without exogenous
supplementation of tissue-type plasminogen activator
(tPA). Characterization of tPA transgenic rats as a tool for
the nonclinical evaluation of TAFla inhibitors is the objective
of the current study. tPA transgenic rats were subjected to
rat models of tissue-factor-induced thromboembolism,
FeCls-induced deep vein thrombosis (DVT) and arterial
thrombosis, and tail bleeding. Potato tuber
carboxypeptidase inhibitor (PCI), a selective TAFla inhibitor,
was used as an experimental compound at doses of 0.1, 1,
or 10 mg/kg, and its antithrombotic effects and bleeding
prolongation effect were compared with nontransgenic rats.
Intravenous PCIl showed significant and dose-related
increase in plasma p-dimer levels in the tissue-factor-
induced thromboembolism model. Intravenous PCI also
significantly and dose-dependently reduced thrombus
weights in the two thrombosis models only in the tPA
transgenic rats. These results suggest that sensitive in-vivo
evaluation of TAFla inhibitors can be achieved using tPA
transgenic rats without exogenous supplementation of
recombinant tPA. On the other hand, no statistically
significant prolongation of bleeding times by PCI was

Introduction

Thromboembolic diseases, such as ischemic stroke, acute
coronary syndrome (ACS), and venous thromboembolism
(VTE), pose serious health problems worldwide [1-5].
Pharmacological therapies for such disorders include
antiplatelets, anticoagulants, and thrombolytics. In these
antithrombotic agent classes, balance between effective-
ness and potential side effects (bleeding complications)
remains a major challenge.

Thrombin-activatable fibrinolysis inhibitor (TAFI) is a
circulating basic carboxypeptidase zymogen primarily
produced in liver [6]. TAFI is converted into the active
form (T'AFIa) by proteases, including thrombin, throm-
bin/thrombomodulin complex, and plasmin. TAFIa
removes lysine residues at the carboxy terminal (C-ter-
minal) of fibrin degradation products in fibrin clots. As the
C-terminal lysine residues function as cofactors for effi-
cient interaction with plasminogen and tissue-type plas-
minogen activator (tPA), TAFIa attenuates plasmin
generation and fibrin degradation [7]. In clinical perspec-
tive, elevated TAFI concentration in plasma has been
reported in patients with acute ischemic stroke and VT'E,
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observed in either strain, whereas increased bleeding times
were observed with 10 mg/kg of intravenous recombinant
tPA, suggesting that the low bleeding risk of TAFla inhibitors
is further confirmed in the tPA transgenic rats whose basal
tPA levels are elevated. tPA transgenic rats may be
beneficial for the pharmacological and toxicological
evaluation of TAFla inhibitors and further confirm that TAFla
is a promising target for various thrombotic disorders. Blood
Coagul Fibrinolysis 29:314-321 Copyright © 2018 The
Author(s). Published by Wolters Kluwer Health, Inc.
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suggesting involvement of T AFTa in clinical outcomes of
such thrombotic disorders [8—10]. It has been reported
that pharmacological inhibition of T'AFIa displays antith-
rombotic effects in animal thrombosis models, with
reduced bleeding risk compared with human recombi-
nant tissue-type plasminogen activator (rt-PA), a mar-
keted thrombolytic drug [11,12]. These distinct profiles
of TAFIa inhibitors are explained by their mechanisms of
action. TAFIa inhibitors protect the C-terminal lysine
residues and increase plasmin generation. Cofactor-medi-
ated plasmin generation avoids neutralization by alpha 2
plasmin inhibitor (a;-PI) in the circulation and thereby
leads to efficient fibrinolysis. On the other hand, intrave-
nous rt-PA converts plasminogen into plasmin in fluid
phase as well as on fibrin clots. Plasmin generated in the
fluid phase is immediately blocked by «,-PI and this
results in inefficient fibrinolysis. In addition, rt-PA causes
excess plasmin generation in the fluid phase to cause
fibrinogenolysis, which is one of the possible causes of
bleeding in fibrinolytic treatment. Thus, TAFIa inhibi-
tors would be next-generation drugs for thrombotic dis-
orders and drug discovery studies and clinical trials are
underway [13-15].
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However, a well known obstacle to the nonclinical eval-
uation of T'AFIa inhibitors is that this class of compounds
needs subtherapeutic supplementation of rt-PA in animal
thrombosis models, including arteriovenous thrombosis
in rats, jugular vein thrombosis in rabbits, and coronary
artery thrombosis in dogs [11-13,16—18]. To date, this
exogenous rt-PA supplementation has hampered the
efficient evaluation and screening of TAFIa-inhibiting
compounds in animal thrombosis models. As rats have
larger body size than mice, several experimental advan-
tages exist in using rats over mice for investigating TAFIa
inhibitors and more elaborate thrombotic disease models
are casily created.

We previously generated tPA transgenic rats to circum-
vent species differences in the responsiveness to rt-PA
between rats and humans [19]. The confirmed profile of
the rats is as follows: conservation of pathophysiological
response of fibrinolysis (transgene is controlled by its
endogenous promoter), normal hemostasis, and effective
doses of rt-PA in a thromboembolic stroke being closer
to those of human patients. Thus, tPA transgenic rats,
which overexpress tPA under an endogenous regulation
system, can potentially be used for efficient screening
development and pharmacological/toxicological evalua-
tions of TAFIa inhibitors without exogenous rt-PA
supplementation.

In this study, we investigated easy assessment of TAFIa
inhibitor effects with fibrinolytic markers, antithrombotic
effects of TAFTa inhibition in venous and arterial throm-
bosis models without exogenous rt-PA administration,
and lower risk of TAFIa inhibitor bleeding compared
with rt-PA using tPA transgenic rats with elevated basal
tPA levels.

Materials and methods

Animal care

All experimental procedures were performed according
to the in-house guidelines of the Institutional Animal
Care and Use Committee of Daiichi Sankyo Co., Ltd.
The frequency of animal health monitoring by animal
care personnel was twice/day on weekdays and once/day
during weekends. Microbial monitoring was conducted
using sentinel animals once every 2 months. Proper care
was taken or directed by attending veterinarians for
abnormal animals (displaying distress in drinking water,
feeding, breathing or other abnormal behaviors such as
self-injury or abnormal posture). All surgeries were per-
formed under sodium thiopental (100 mg/kg, intraperito-
neal; Mitsubishi Tanabe Pharma Corporation, Osaka,
Japan) or isoflurane anesthesia (3.5% for induction and
1.5% for maintenance, Pfizer Inc., New York City, New
York, USA); all efforts were made to minimize suffering.
Humane endpoints were applied to disease model
experiments when the subjected animals showed
above-listed abnormalities. Intravenous sodium thiopen-
tal (100 mg/kg) was administered to euthanize animals if
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these endpoints were applied. The experimental protocol
was approved by the Institutional Animal Care and Use
Committee of Daiichi Sankyo (Permit Number:
A1502377).

Animals

Male tPARecBACTg (tPA transgenic) rats and nontrans-
genic rats were generated and systematized as described
[19]. Male tPA transgenic and nontransgenic rats were
maintained at the Institute of Immunology Co., Litd., and
supplied at 6-7 weeks of age. The rats were maintained
in cages (<3 animals per cage) with free access to chlori-
nated water and food (FR-2; Funabashi Farm Co., Ltd.,
Tsukuba, Japan). The animal quarters were set at
23+£2°C (allowable range: 18-28°C), humidity of
55+10% (allowable range: 30-70%), and 12-h lighting
cycle (lights on 7:00—-19:00). The acclimation period was
more than 3 days. The number of animals used in each
experiment were determined by preliminary experi-
ments. In total, 197 of rats were subjected to the
following experiments.

Tested compounds

Potato tuber carboxypeptidase inhibitor (PCI; carboxy-
peptidase inhibitor from potato tuber lyophilized powder,
C0279), a selective TAFTa inhibitor [12,20,21], was pur-
chased from Sigma-Aldrich Co., Limited Liability Com-
pany. PCI was dissolved in physiological saline (0.9%
NaCl, Otsuka Pharmaceutical Factory Inc., Tokyo,
Japan) and intravenously administered as a bolus at
0.1, 1, or 10 mg/kg doses. PCI dosage was determined
to detect dose dependency regarding previously reported
ex-vivo plasma TAFIa inhibiting activity [16]. r-PA
(activacin for injection) was purchased from Kyowa
Hakko Kirin Co., Litd. and dissolved in adjunctive injec-
tion solvent and saline for further dilution. The rt-PA was
intravenously administered with 1/10 vol. bolus followed
by 1-h infusion using an infusion pump (TE-361; Terumo
Corporation, Tokyo, Japan) at 1 or 10 mg/kg doses. The
saline served as the control solution for PCI and rt-PA.
Administration timing is described in each animal
experiment section.

Tissue factor-induced venous thromboembolism model
To assess fibrinolytic activity upregulation with PCI
administration in tPA transgenic and nontransgenic rats,
D-dimer plasma concentrations were determined in a
tissue factor (TF)-induced VTE model. Rats were anes-
thetized with sodium thiopental. TF (Dade Innovin,
Siemens AG, Munich, Germany, GTN-200A, 10-ml vial)
solution was prepared by adding 5-ml saline, and contin-
uously administered to the rats via the jugular vein over
20 min using an infusion pump (TE-361; Terumo Cor-
poration) at 7.5 ml/kg/h. PCI solutions or the vehicle were
intravenously administered as a bolus via the jugular vein
5min before TF administration. Blood samples (400 wl
per time point) were collected from the jugular vein into a
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syringe containing 10 vol.% of 3.13% sodium citrate
20min after TF administration. Citrated plasma was
collected on blood sample centrifugation at 900 x g at
4°C for 10 min. The plasma samples were diluted 20
times with factor diluent (ILSI Medience Corporation,
Osaka, Japan), and D-dimer concentration, an indicator of
fibrin (not fibrinogen) degradation, was measured using
LPIA-ACE D-D dimer IT (LSI Medience Corporation)
on ACL TOP 500 CTS. Five, nine, or 10 rats/group were
subjected to the experiment (total 57 rats).

FeCls-induced deep vein thrombosis model

To assess antithrombotic effect of PCI in tPA transgenic
and nontransgenic rats, thrombus weights were deter-
mined in a FeCl;-induced deep vein thrombosis (DV'T)
model, known to have fibrin-rich thrombus formation
[22]. Rats were anesthetized with sodium thiopental,
and partial stenosis was applied to the vena cava at the
renal veins by ligation with a blunt 20-ga needle that was
subsequently removed. A filter paper (no. 2, Advantec
Toyo Kaisha, Ltd. Tokyo, Japan, cut into 2 X 5mm per
piece) soaked with 3.5 pl of 10% FeCl; (Nacalai Tesque,
Inc., Kyoto, Japan) was applied to the external surface of
the vena cava for 5 min. The PCI solutions or the vehicle
were intravenously administered as a bolus via the jugular
vein 5 min before thrombus induction. The thrombus was
excised 90 min after thrombus induction, and wet weights
were measured. Four or five rats/group were subjected to
the experiment (total 39 rats).

FeCl;-induced arterial thrombosis model

To elaborate on the antithrombotic effect of PCI in
another model in tPA transgenic and nontransgenic rats,
thrombus weights were determined in a FeClz-induced
arterial thrombosis model, known as platelet predomi-
nant (antiplatelet sensitive) [23,24]. Rats were anesthe-
tized with isoflurane. Arterial thrombosis was induced in
the common carotid artery (CCA) by sandwiching the
CCA between two filter papers (no. 2, cut into 1 X 10 mm
per piece) soaked with 3.5l of 10% FeCl; for 10 min.
The PCI solutions or the vehicle were intravenously
administered as a bolus via the jugular vein 5 min before
thrombus induction. The rats were then allowed to
recover from anesthesia. The thrombus was excised
360 min after thrombus induction under isoflurane anes-
thesia and wet weights were measured. Five rats/group
were subjected to the experiment (total 40 rats).

Tail bleeding model

Rats were anesthetized with sodium thiopental
(100 mg/kg, intraperitoneal) and put on heating pads at
approximately 37 °C to maintain body temperature. rt-PA
(1 or 10 mg/kg) or its vehicle (saline) was intravenously
administered as a bolus (1/10 vol.) followed by infusion
(9/10 vol.) via the jugular vein using the infusion pump
for an hour. The PCI solutions were administered as a
bolus followed by an infusion similar to that for rt-PA. A

1-mm incision was made with a blade (FAS-10; Feather
Safety Razor Co., LLtd., Osaka, Japan) on the artery of the
ventral part of the tail at 4cm from the tip 30 min after
commencement of compound administration, and blood
was blotted every 30 s with filter papers (no. 2, Advantec
Toyo Kaisha, Litd.) for 30 min. Bleeding time was defined
as the multiplication of detectable blood stain number on
the opposite side of the filter paper that touched the
blood by 30s. Five or six rats/group were subjected to the
experiment (total 61 rats).

Statistical analysis

Calculations were performed using Microsoft Excel 2010
(Microsoft Corporation, Redmond, Washington, USA).
Data are expressed as the mean &= SEM. Steel test was
carried out to compare the test compound-treated groups
with the vehicle-treated group using the SAS System
Release 9.2. (SAS Institute Inc., Cary, North Carolina,
USA). Dose dependency of the tested compounds was
evaluated by Spearman’s rank correlation coefficient
hypothesis testing using SAS System Release 9.2.
P values of less than 0.05 were considered statistically
significant.

Results

Effect of potato tuber carboxypeptidase inhibitor on
plasma p-dimer concentrations in the tissue factor-
induced venous thromboembolism model

Plasma D-dimer concentrations are presented in Fig. 1. In
nontransgenic rats, plasma D-dimer concentrations were
not statistically significantly elevated 20 min after TF
administration in PCI-treated groups compared with the
vehicle-treated group. In tPA transgenic rats, dose-
dependent (P <0.0001) and statistically significant
increase in D-dimer concentrations was observed in the
1 or 10 mg/kg of intravenous PCl-treated groups com-
pared with the vehicle-treated group (P=0.0040 and
0.0069, respectively).

Effect of potato tuber carboxypeptidase inhibitor on
thrombus weights in the FeCl;-induced deep vein
thrombosis model

Figure 2 shows antithrombotic effect of PCI in the FeCl;-
induced DVT model. In nontransgenic rats, a statistically
significant reduction in thrombus weight was not
observed with PCI treatment. However, PCI (1 and
10 mg/kg, i.v.) exhibited a statistically significant reduc-
tion in wet thrombus weights in tPA transgenic rats
compared with the vehicle (P=0.0247 and 0.0247,
respectively). The effect of PCI was dose dependent
(P <0.0001).

Effect of potato tuber carboxypeptidase inhibitor on
thrombus weights in the FeCls-induced arterial
thrombosis model

Figure 3 shows the antithrombotic effect of PCI in
the FeCls-induced arterial thrombosis model. In the
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Comparison of the effect of potato tuber carboxypeptidase inhibitor on
plasma p-dimer levels between tissue-type plasminogen activator
transgenic and nontransgenic rats in a tissue factor-induced venous
thromboembolism model. Recombinant tissue factor was intravenously
administered (i.v.) to the nontransgenic rats (a) and the tissue-type
plasminogen activator transgenic rats (b) using an infusion pump at a
rate of 7.5 ml/kg/h for 20 min. The potato tuber carboxypeptidase
inhibitor solutions or the vehicle were intravenously administered as a
bolus 5 min before tissue factor administration. Blood was collected
from the jugular vein 20 min after tissue factor administration. Plasma b-
dimer levels were determined as a biomarker of fibrinolysis. Each value
represents the mean + SEM (n=5-10). **£ < 0.01 compared with
vehicle (steel test).

nontransgenic rats, there was no statistically significant
reduction in thrombus weight with the PCI treatment
compared with the vehicle (3.73 £ 0.27 mg in the vehicle,
3.91£0.39mg in the 0.1 mg/kg of PCI, 3.85+0.45mg in
the 1 mg/kg of PCI, and 3.23 +0.74 mg in the 10 mg/kg of
PCI, respectively). In the tPA transgenic rats, thrombus
weight (mg) of each group was 3.54+0.23 (vehicle),
2.14+0.12 (PCI 0.1 mg/kg), 2.50+0.11 (PCI 1mg/kg),
and 1.68+0.19 (PCI 10 mg/kg). PCI (0.1, 1, and 10 mg/
kg, 1.v.) exhibited a statistically significant reduction of the
wet thrombus weight in tPA transgenic rats compared with
the vehicle (P=0.0247, 0.0247, and 0.0247, respectively).
The effect of PCI was dose dependent (P =10.0002).

PCI (mglkg, i.v.)

Comparison of the antithrombotic effect of potato tuber
carboxypeptidase inhibitor between the tissue-type plasminogen
activator transgenic and the nontransgenic rats in a FeClz-induced
deep vein thrombosis model. Venous thrombosis was induced in the
inferior vena cava of the nontransgenic rats (a) and the tissue-type
plasminogen activator transgenic rats (b) by partial stenosis and topical
application of 10% ferric chloride for 5 min. The potato tuber
carboxypeptidase inhibitor solutions or the vehicle were intravenously
administered (i.v.) as a bolus via jugular vein 5min before thrombus
induction. Wet thrombus weights were measured 90 min after
thrombus induction. Each value represents the mean 4= SEM (n =4, 5).
P < 0.05 was regarded as statistically significant. *P < 0.05 compared
with vehicle (steel test).

Tail bleeding model

Bleeding profiles of the two agents (PCI and rt-PA) are
presented in Fig. 4. The bleeding times (in seconds) of
each group in nontransgenic rats were 198 & 35 (vehicle),
205+£69 (PCI 0.1 mg/kg), 228=+£39 (PCI 1mg/kg),
228 46 (PCI 10 mg/kg), 234 +53 (rt-PA 1 mg/kg), and
1596 189 (rt-PA 10 mg/kg). In tPA transgenic rats with
elevated basal tPA concentrations, bleeding times (in
seconds) of each group were 342441 (vehicle),
300+£16 (PCI 0.1mg/kg), 360+61 (PCI 1mg/kg),
216 +26 (PCI 10mg/kg), 276 +£56 (rt-PA 1 mg/kg),
and 1410+ 181 (rt-PA 10 mg/kg). Compared with the
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Comparison of the antithrombotic effect of potato tuber
carboxypeptidase inhibitor between the tissue-type plasminogen
activator transgenic and the nontransgenic rats in a FeClz-induced
arterial thrombosis model. Arterial thrombosis was induced in the
common carotid artery) the nontransgenic rats (a) and the tissue-type
plasminogen activator transgenic rats (b) by sandwiching the common
carotid artery between two filter papers soaked with 3.5 pl of 10%
FeCls for 10 min. The potato tuber carboxypeptidase inhibitor solutions
or the vehicle were intravenously administered (i.v.) as a bolus via
jugular vein 5 min before thrombus induction. Wet thrombus weights
were measured 360 min after thrombus induction. Each value
represents the mean +SEM (n=5). P< 0.05 was regarded as
statistically significant. *P < 0.05 compared with vehicle (steel test).

vehicle-treated group, PCI (0.1, 1, and 10 mg/kg) and
1 mg/kg of rt-PA did not show a statistically significant
prolongation of bleeding time in either strain, whereas
10 mg/kg of rt-PA significantly increased bleeding time in
both strains (P =0.0153 in nontransgenic rats, P=0.0168
in tPA transgenic rats, respectively).

Discussion

The tPA transgenic rats were originally generated to
address species differences in the responsiveness to rt-
PA between wild-type rats and humans [19]. In this

Comparison of the effects of potato tuber carboxypeptidase inhibitor
and recombinant tissue-type plasminogen activator on tail bleeding time
between tissue-type plasminogen activator transgenic and
nontransgenic rats. Potato tuber carboxypeptidase inhibitor,
recombinant tissue-type plasminogen activator, or their vehicle (saline)
was intravenously administered (i.v.) via the jugular vein of the
nontransgenic rats (a) and the tissue-type plasminogen activator
transgenic rats (b). The rat tail was cut by a razor 30 min after the
beginning of administration and the bleeding time was monitored for
30 min. Each value represents the mean4SEM (n=>5, 6). *P< 0.05
compared with vehicle (steel test).

study, we investigated the usefulness of tPA transgenic
rats for evaluating activated TAFT inhibitors.

A thrombin-activatable fibrinolysis inhibitor potato tuber
carboxypeptidase inhibitor increases plasma p-dimer
concentrations in the tissue factor-induced
thromboembolism model in tissue-type plasminogen
activator transgenic rats

Intravenous TF infusion is a common VTE or hypercoa-
gulation model in rats [11,12]. Here, the pharmacody-
namics of fibrinolytic enhancers is evaluated using the
plasma D-dimer concentration, a kind of fibrin (not



fibrinogen) degradation product [12,14]. Here, PCI
showed a dose-dependent increase in plasma D-dimer
concentration in the TF-induced VI'E model in tPA
transgenic rats only, when blood sampling was performed
20 min after the TF administration started. However,
D-dimer concentration in vehicle-treated groups was
equivalent in the two strains, suggesting that basal dif-
ferences and TF stimulation-dependent plasma tPA
induction are not critical in this model or the evaluation
point. These results suggest that sensitive in-vivo evalu-
ation of TAFIa inhibitors may be achieved using tPA
transgenic rats and the TF model within a short time
period.

Reports have revealed that TAFIa inhibitors exert profi-
brinolytic effects in TF-induced thromboembolism
model without exogenous rt-PA  supplementation
[11,12,14]. Indispensability of this model can be attrib-
uted to local tPA availability in the lung, a microthrombi-
accumulating organ under the TF challenge. We previ-
ously reported that plasma D-dimer concentrations were
elevated in delayed time points (90 and 120 min) [19].
Considering this fibrinolytic profile, selecting a time
point at which plasma D-dimer levels are kept basal is
important for evaluating TAFIa inhibitors. TAFIa inhi-
bitors may be efficiently screened by plasma D-dimer
levels in the TF model using tPA transgenic rats.

Potato tuber carboxypeptidase inhibitor decreases
thrombus weight in the FeCls-induced deep vein
thrombosis model without exogenous recombinant
tissue-type plasminogen activator in tissue-type
plasminogen activator transgenic rats

DV'T is a major type of VIT'E and is at risk of pulmonary
embolism [3]. FeCl, or FeClj is frequently employed as a
thrombus inducer, and a T AFIa inhibitor is effective in
the presence of exogenous rt-PA in DVT models [16].
Here, PCI showed a dose-related reduction of thrombus
weight in tPA transgenic but not in nontransgenic rats.
These results confirm that TAFIa inhibitors need the
subthreshold addition of tPA to exert their antithrombo-
tic effects on deep vein thrombus in rats. Thrombus
weights of the tPA transgenic and nontransgenic rats
treated with vehicle were comparable, suggesting that
tPA overexpression extent in transgenic rats may be
suitable for evaluating the antithrombotic effect of
TAFTIa inhibitors in the DVT rat model. These results
also indicate that TAFIa inhibitors may be effective
in VTE.

The rat DVT model is known as a fibrin-rich thrombus
formation and anticoagulants are effective [22,25]. How-
ever, these agents do not directly affect existing throm-
bus resolution regarding their action mechanism.
However, TAFIa inhibitors are thrombolytic enhancers
with the potential to resolve existing blood clots; thus, not
only preventive but also therapeutic usages should be
investigated in VTE using tPA transgenic rats.
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Potato tuber carboxypeptidase inhibitor decreases
thrombus weight in the FeCls-induced arterial
thrombosis model in tissue-type plasminogen activator
transgenic rats

A FeClz-induced arterial thrombosis model was
employed to investigate antithrombotic activity of TAFIa
inhibitors in another thrombosis model. Generally, arte-
rial thrombosis models are sensitive to antiplatelet agents
[23,24], but the effectiveness of TAFIa inhibitors on
arterial thrombosis awaits clarification [11,12,16].

In this study, PCI showed a dose-related thrombus
weight reduction in tPA transgenic but not in nontrans-
genic rats. These findings suggest that tPA transgenic rats
are beneficial for pharmacologically evaluating TAFIa
inhibitors in the arterial thrombosis model by subthresh-
old tPA overexpression.

In DVT models, the evaluation point was 90 min after
thrombus induction, so continuous intravenous rt-PA
supplementation may be feasible with wild-type rats.
However, in our arterial thrombosis model, the evaluation
point was 360 min after thrombus induction and rats
recovered from the inhaled anesthesia after the thrombus
induction procedure. In such subacute models or even
chronic disease models, continuous rt-PA infusion is not
feasible. Therefore, the tPA transgenic rats may be
convenient for evaluating 'TAFIa inhibitors not only in
subacute arterial thrombosis models but also in chronic
thrombotic models or other disease models in which
TAFIa is involved, including pulmonary fibrosis and
pulmonary hypertension [26,27].

"Thrombus weights in vehicle-treated tPA transgenic and
nontransgenic rats were comparable in the arterial throm-
bosis model as well as in the DVT model, demonstrating
that the tPA overexpression extent in the transgenic rats
is unexpectedly at an optimal level for evaluating antith-
rombotic effect of TAFIa inhibitors in various thrombosis
models, as previous studies have reported a need for
determining the subthreshold rt-PA dose for each disease
model [16]. Regarding target validation, TAFIa inhibitors
may also be effective in arterial thromboembolic diseases
such as ACS and stroke.

Potato tuber carboxypeptidase inhibitor did not show
bleeding prolongation in the tail bleeding model in
tissue-type plasminogen activator transgenic rats

As basal tPA concentrations are elevated in tPA trans-
genic rats [19], efficacious PCI doses in the three tested
thrombosis models may increase bleeding risk in tPA
transgenic rats. To test this hypothesis, tPA transgenic
and nontransgenic rats were intravenously treated with
PCI (0.1, 1, or 10mg/kg) or rt-PA (1 or 10 mg/kg) and
effects on bleeding time were compared. PCI did not
display statistically significant bleeding time prolonga-
tion in tPA transgenic or nontransgenic rats at any dose,
whereas the higher rt-PA dose showed statistically
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significant prolongation of bleeding time in both strains.
These results suggest that the low bleeding risk of TAFTIa
inhibitors is further confirmed using tPA transgenic rats
with upregulated endogenous tPA levels and fibrinolytic
enhancer (rt-PA)-sensitive bleeding occurs. The findings
of these experiments using PCI and tPA transgenic rats,
TAFIa inhibitors may prove to be safer thrombolytic
enhancers.

A report demonstrated that TAFIa-dependent fibrinoly-
sis is dictated by available tPA concentration [28], and
tPA or rt-PA availability differs depending on disease
and/or treatment. Therefore, to assess the safety profile of
"T'AFTIa inhibitors, appropriate animals or strains in which
'TAFIa inhibitors are effective in the disease models of
interest should be selected. tPA transgenic rats are thus
ideal for the following factors: basal tPA expression is
upregulated, pathological tPA induction is preserved, and
the effectiveness of a TAFIa inhibitor on DVT and
arterial thrombosis is confirmed. Further TAFIa inhibitor
analyses regarding bleeding risk in different disease
models (e.g., stroke) and/or in combination treatment
with rt-PA using tPA transgenic rats are necessary to
determine the target indication(s) of TAFIa inhibitors
and their safety.

Experimental limitations

In this study, we did not confirm TAFIa inhibition extent
in each experimental model. Bird e a/. reported that
intravenous bolus injection of PCI (0.3, 1, 3, and
10 mg/kg) in rats provided a dose-dependent plasma
'TAFTIa activity inhibition. Inhibitory activity change at
the highest dose was 80% at 5 min and 60% at 60 min after
administration [16]. In this study, evaluation time points
were 20min (TF-VTE), 90 min (FeCl;-DVT), 360 min
(FeCls-arterial thrombosis), and 30—60 min (tail bleed-
ing), respectively, so the antithrombotic effect of the
TAFIa inhibitors may be underestimated because of
insufficient T'AFIa inhibition. Due to poor PCI solubility,
doses more than 10 mg/kg (e.g., 30 or 100 mg/kg), which
may achieve full inhibition, could not be examined.
Therefore, pharmacokinetic and pharmacodynamic
analyses using more potent T'AFIa inhibitors with greater
solubility may provide further insight into the therapeutic
potential of TAFIa inhibition in various thrombosis
models.

In conclusion, we confirm that 'T'AFIa inhibitors can be
easily evaluated with fibrinolytic markers in the TF-
induced VTE model, TAFIa inhibition exerts antithrom-
botic effects in venous and arterial thrombosis models
without exogenous rt-PA administration, and TAFIa
inhibition has lower bleeding risk compared with rt-PA
using tPA transgenic rats. tPA transgenic rats seem ben-
eficial for the pharmacological and toxicological TAFIa
inhibitor evaluation, with the promise of safer thrombo-
lytics in the future.
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