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Abstract

Purpose: Antithrombin (AT) is not only a major regulator of hemostasis, but it shows
anti-inflammatory properties as well. We aimed to investigate whether AT-insufficient
mice increases susceptibility to liver tumorigenesis.

Methods: We induced the development of liver tumor in AT-insufficient (A7) mice
and wild-type (AT"") mice, by treating them with diethylnitrosamine (DEN) and CCla.
The development of liver tumors and liver inflammation were compared between these
mouse groups. Following this, AT was administered to the AT-insufficient mice treated
with DEN and CCla.

Results: Tumor size and the number of DEN and CCls-induced liver tumors
significantly increased in AT-insufficient mice compared with the wild-type mice. Serum
transaminase levels, cell death, and the expression of cleaved caspase-3 in liver were
increased in A7"". Furthermore, hepatic neutrophil infiltrations, and serum I1-6 and
Tnf-a levels were significantly elevated in AT-insufficient mice. The levels of 8-OHdG,
oxidative DNA damage marker, in liver were significantly increased in AT-insufficient
mice. Administration of AT led to a significant decrease in DEN and CCls-induced liver
injury and inflammation in AT-insufficient mice, compared with the wild-type group.
Conclusions: AT insufficiency led to increased susceptibility to liver tumorigenesis by

increasing hepatic inflammation.

Keywords: Hepatocellular carcinoma; antithrombin; inflammation; reactive oxygen
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Introduction

Hepatocellular carcinoma (HCC) represents the third most frequent cause of
cancer-related death worldwide (1). Hepatic resection is an accepted therapy for HCC,
but in many patients, it is followed by HCC recurrence, with the cumulative 5-year
HCC recurrence rate over 60% (2, 3). The risk factors for HCC recurrence after
resection and prophylactic management of this recurrence have been extensively
studied.

Inflammation-induced liver injury represents a crucial factor for the development of
HCC (4). Hepatitis viruses, such as hepatitis B or hepatitis C viruses, obesity, and
alcohol promote the development of HCC by inducing persistent inflammation (5).
During the chronic inflammation, many intrinsic mediators of inflammation, including
pro-inflammatory cytokines, eicosanoids, growth factors, and reactive oxygen species
(ROS), can induce genetic and epigenetic changes, including point mutations, deletions,
duplications, recombinations, and methylation of various tumor-associated genes (4, 6).

Antithrombin (AT), a heparin-binding protein and a major inhibitor of coagulation
proteases, primarily thrombin and factor Xa (7), plays a central role in the regulation of
hemostasis. Apart from its role in hemostasis, many studies demonstrated that AT has
anti-inflammatory properties and improves the survival in vivo, in animal models of
sepsis, ischemia-reperfusion injury, and acute organs failure (8). Furthermore, clinical
trial results showed the anti-inflammatory properties of AT in patients with sepsis or
disseminated intravascular coagulation (9, 10). The inhibition of nuclear factor (Nf-kB)
signaling was shown to underlie the anti-inflammatory properties of AT (11). AT
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induces the release of prostacyclin from the endothelial cells, which was shown to be
independent of thrombin interaction (12-14). Additionally, it directly affects leukocytes,
inhibiting neutrophil migration and the adhesion to the endothelium (15).
Anti-angiogenic properties of AT have been demonstrated as well, but only of its latent
and cleaved, but not native forms (16, 17). Furthermore, native AT in combination with
heparin was shown to modulate tumor migration, invasiveness, and angiogenesis by
inhibiting enteropeptidase (18). To date, however, AT expression has not been
associated with liver tumorigenesis and tumor progression. Previously, we demonstrated
that AT plasma levels represent a significant prognostic factor for overall survival and
disease-free survival of patients with HCC after curative hepatectomy (19). Recently,
AT has been identified as a potential putative circulating protein biomarker for HCC (20,
21).

Here, we hypothesized that AT may help prevent the development of chronic
inflammation-related HCC. We examined whether AT-insufficient mice are susceptible

to the development of diethylnitrosamine (DEN)-induced liver tumors.

Materials and Methods

All animal experiments were performed according to the Animal regulations of
Hiroshima University. This experimental protocol was approved by the Ethics Review
Committee for Animal Experimentation of the Graduate School of Biomedical Sciences

at Hiroshima University (Registration number: U003490) (Hiroshima, Japan).

Mice and HCC induction



C57BL/6J mice were purchased from CLEA (Tokyo, Japan). Mice heterozygous for
ATIII gene disruption, expressing approximately 50% of the normal level of AT (AT"")
in a C57BL/6J background were purchased from the Center for Animal Resources and
Development (CARD), Kumamoto University, Japan. Male chimeric mice were mated
with the wild-type C57BL/6J female mice. AT pups were genotyped as previously
described (22). Genomic DNA was extracted from mouse tails and used for polymerase
chain reaction (PCR) analysis. The heterozygous expression of this gene (47"") does not
cause embryonic lethality in mice, and the external appearance of A"~ mice could not
be distinguished from that of the wild-type mice. Homozygous deficiency of AT (4T"")
is lethal (22, 23). We induced HCC as previously reported, with minor modifications
(24). C57BL/6] wild-type (AT*") mice and heterozygous (A7) mice were treated using
the combination of DEN (10 mg/kg, 1.p.) (Wako), which was administrated at the age of
6 weeks, followed by 25 or 27 biweekly injections of carbon tetrachloride (CCls, 0.5
mL/kg, 1.p., dissolved in corn oil) (Wako).

Liver tumor development was evaluated by determining the number of visible tumors
and measuring the size of the largest tumor after sacrifice. Livers were explanted,

digitally photographed, and weighed.

Histology and immunohistological staining

For histological analysis, formalin-fixed liver tissue sections were cut, stained with
hematoxylin and eosin, and examined microscopically. To assess the grade of liver
fibrosis, sections were stained with Azan. Immunohistology was performed on

paraffin-embedded sections using primary antibodies to cleaved caspase-3 (Cell



Signaling Technology), Ki-67 (Dako), and anti-8-hydroxyguanosine (8-OHdG) (Japan
Institute for the Control of Aging). Quantification was performed using image J and
Photoshop software. Cells with positive staining were counted in 10 high-power fields
(HPEF, x200).

Liver tumors were classified into hepatocellular adenoma (HCA), or hepatocellular
carcinoma (HCC) according to modified criteria reported by Thoolen B et al (25). HCA
is characterized by the presence of proliferation of benign hepatocytes without normal
lobular architecture, which is sharply demarcated with compression of the adjacent
normal parenchyma. HCC is characterized by the presence of trabecular or mixed
growth patterns of atypical hepatocytes and sometimes accompanied by the presence of

hemorrhage, necrosis, vascular and stromal invasion.

Assay for AT in mice

Blood samples were collected into 3.8% sodium citrate at a ratio of 9:1 and were
centrifuged at 2000 g for 10 min to obtain plasma. AT activity was measured using
N-test AT-S (Nittobo), which determines anticoagulant activity using a chromogeneic

substrate, according to the manufacturer’s instructions.

Quantification of serum IL-6 and TNF-a
The amounts of interleukin 6 (IL-6) and tumor necrosis factor-o. (TNF-a)) from mice
serum were quantified using enzyme-linked immunosorbent assay (ELISA) kits,

according to the manufacturer’s instructions (R&D Systems).



Quantification of neutrophil accumulation

Accumulation of activated neutrophil was assessed using a naphthol AS-D
chloroacetate esterase kit (90C2-1KT, Sigma-Aldrich). Neutrophils within sinusoids or
extravasated into the liver tissue were identified by staining and morphology, and were

counted in 10 HPFs (x400).

Hepatic 8-OHdG concentration measurement

Hepatic total DNA was isolated from liver tissue by the Nal extraction technique using
the DNA Extractor WB kit (Wako). The extracted DNA was prepared to reduce the
variation of the enzyme reaction by using the 8-OHdG Assay Preparation Reagent Set
(Wako). The hepatic 8-OHdG level was assessed using a highly sensitive ELISA kit for
8-OHdG (Japan Institute for the Control of Aging). The absorbance of the reaction

products was read at 450 nm by a microreader and expressed as ng/mg DNA.

Western blot analysis

Liver segments were homogenized in lysis buffer (Cell Lysis Buffer; Cell Signaling
Technology), then sonicated and pelleted. Supernatants were denatured; 50 pg of protein
was separated by way of polyacrylamide gel electrophoresis and then transferred to
nitrocellulose membranes. Western blot analysis was performed using antibodies to

B-actin (Abcam) and to caspase-3 (Cell Signaling Technology).

Administration of AT



For AT treatment experiments, 1500 U of human AT was dissolved in 30 mL of saline:
AT (50 U/mL) was prepared. The human AT was donated by Nihon Pharmaceutic
(Tokyo, Japan). AT (500 U/kg, i.p.) was intraperitoneally given to A7~ mice 1 hr before

DEN induction therapy, followed by 3 injection of AT per week.

Statistical analysis

Data for animals were expressed as the average (= SE) and statistically compared
using the Student #-test. The tumor engraftment rates were compared by the % test. P
values less than 0.05 were considered statistically significant. Statistical analyses were

performed with SPSS software, version 16 (SPSS Japan Inc., Tokyo, Japan).

Results
AT insufficiency promotes chemically induced liver tumorigenesis

First, we determined the activity of AT in the plasma of wild-type (AT**) and
AT-insufficient (47"") mice. The mean plasma activities of AT in wild and
AT-insufficient mice were 135% and 67%, respectively.

To elucidate whether AT plays a role in the inflammation-related liver tumorigenesis,
we induced liver tumors by combining DEN and CCls in AT"~ and AT** mice. These
male mice were treated with DEN at the age of 6 weeks, which was followed by 25
biweekly injections of CCls. Tumor incidence and tumor size were evaluated 50 weeks
after DEN treatment. Liver tumors efficiently developed in A7~ mice, unlike in A7"*
mice. Tumors with the maximum size of 12 mm developed in 5/6 ATIII-insufficient

mice, but no liver tumors were observed in AT"" mice (Fig. 1). Furthermore, male mice
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were treated with DEN at the age of 6 weeks, followed by 27 biweekly injections of
CCly4. Tumor incidence and size were evaluated 54 weeks after the DEN treatment.
Tumors developed in 5/7 AT mice, while they developed in all treated 47"~ mice (Fig.
2A). The maximal tumor size in 47"~ mice was shown to be significantly higher, by
4.2-fold, compared with that in the AT"" mice (18+5 mm versus 4.3+6 mm), as shown
in Figure 2B. Tumor number was significantly increased in A" mice as well, in
comparison with those in the A7"" mice (Fig. 2C). Histopathological analysis showed
that the majority of tumors were hepatic adenoma (HAC), but HCCs were observed in
some livers (Supplementary Fig. S1). Simultaneously, liver function and fibrosis were
investigated. The serum levels of total bilirubin (T-Bil) were shown to be significantly
higher in AT~ mice compared with those in the A7""" mice (Supplementary Fig. S2A).
We detected liver fibrosis at the late stage (54 weeks) after DEN and CCly by using azan
staining, which showed a more developed fibrosis in A7"" mice than in the AT”* mice
(Supplementary Fig. S2B). Furthermore, both untreated A7"" and AT mice had livers
with normal appearance, without liver tumors, and showed normal liver functions (n=5)

until 60 weeks after birth (Data not shown).

Increased liver injury, inflammation, and ROS production in response to DEN and
CCl4 treatment of AT-insufficient mice

Previously, it was demonstrated that the treatment of A" mice with high dose of CCly
(2 mL/kg body weight) leads to a more severe liver injury, compared with that in the
AT"* mice (26). Therefore, we examined whether a low dose of CCls (0.5 mL/kg body

weight) following DEN can induce liver injury in A" mice. Twenty-four hours after
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DEN, which was followed by two biweekly CCls injections, 47"~ mice exhibited
significantly higher levels of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) than the wild-type mice (Fig. 3A). TUNELs demonstrated
hepatic apoptosis was considerably increased in 47"~ mice following the treatment with
DEN and CCly4, compared with that in the wild-type mice (Fig. 3B). Additionally,
hepatic levels of active caspase-3 were assessed by immunohistochemical analyses,
which showed that DEN and CCls can induce caspase-3 activation and that active
caspase-3 level was upregulated in 47" mice compared with that in the AT"* mice (Fig.
30).

Furthermore, DEN treatment followed by 27 biweekly CCly injections lead to a
considerable increase in hepatic apoptosis in A7 mice, compared with that in the 47"
mice (Fig. 4A). Immunohistochemical and western blot analyses showed that active
caspase-3 expression was considerably upregulated in 47" mice compared with that in
the AT"* mice (Figs. 4B and 4C). Ki-67 staining showed that the DEN treatment,
followed by 27 biweekly CCls injections, significantly induces hepatocellular
compensatory proliferation in A7"" mice compared with that in the AT"* mice (Fig.
4D).

HCC is associated with the chronic inflammation of the liver (27). Therefore, we
attempted to elucidate whether DEN treatment followed by CCls induces liver
inflammation in 47" mice. DEN treatment followed by two biweekly CCls injections
led to a significant increase in I1-6 and Tnf-o serum levels in 47" mice, compared with
those in the wild-type mice (Fig. 5A). Histopathological analysis, using naphthol AS-D

chloroacetate esterase staining, demonstrated that DEN treatment followed by 27
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biweekly CCls injections led to a significant increase in chemically-induced hepatic
neutrophil accumulation in AT"~ mice compared with that in the AT"* mice (Fig. 5B).
ROS production may induce oxidative DNA damage, which can be detected with
antibodies specific to 8-OHdG (28). Here, we assessed oxidative DNA damage caused
by ROS production, using immunohistochemistry (Fig. 6A) and ELISA (Fig. 6B) with
anti-8-OHdG antibodies, which showed that DEN treatment followed by two and 27
biweekly CCly injection induced a significant increase in the 8-OHdG levels in the

livers of AT mice, compared with those in the wild-type mice, respectively.

AT administration decreases liver injury and inflammation in AT-insufficient mice
We examined the activity of AT in the plasma of AT-treated mice. The mean activity of
AT was shown to be 67% in AT~ mice before the intraperitoneal injection of AT, and it
increased to 142% at day 1 after the intraperitoneal injection of AT. However, AT
activity decreased to 71% at day 3 following the injection of AT (Supplementary Fig.
S3). We examined whether the administration of AT suppress liver injury in AT"" mice.
As a control, saline was intraperitoneally given to A7”" mice. DEN treatment followed
by two biweekly CCls (0.5 mL/kg body weight) injections induced a significant
decrease in AST and ALT level in AT"" mice that received AT, compared with those in
AT"" mice that were not treated with AT (Fig. 7A). ELISA also showed that DEN
treatment followed by two biweekly CCls injections induced a significant decrease in
level 11-6 and Tnf-o. serum levels in A7 mice that received AT, compared with those in

AT"" mice that were not treated with AT (Fig. 7B ).

12



13

Discussion

In this study, we demonstrated the biological significance of endogenous plasma AT
levels in modulating the development of liver tumors. To the best of our knowledge,
here we demonstrated for the first time that mice with low plasma levels of AT show
increased susceptibility to the development of liver tumors.

In this study, we showed that 47"~ mice are more susceptible to chemicals-induced
liver injury. Furthermore, the administration of AT suppressed chemicals-induced liver
injury in AT-insufficient mice. These results were shown to be comparable with those
obtained in the previous study, which showed that 47"~ mice exhibit a more severe liver
injury following the administration of high CCls dose, in comparison with that observed
in the AT""" mice (26). Our results also demonstrated that hepatic apoptosis and
caspase-3 expression is upregulated in the livers of 47" mice. These protective effects
of the endogenous AT may be partially attributed to the anticoagulant activity of this
molecule, through the inhibition of thrombin and other proteases. AT also inhibits a
protease involved in the process of apoptosis, thereby diminishing the apoptotic
response and increasing hepatocyte survival (26).

We demonstrated here that the neutrophil infiltration and hepatic inflammation,
including the serum I1-6 and Tnf-a levels, following chemicals-induced liver injury,
were increased in AT-insufficient mice, compared with those in the wild-type mice. Our
results also showed that AT administration induced the suppression of serum I1-6 and
Tnf-a levels. AT is known to have anti-inflammatory activity (8), by stimulating
prostacyclin production in the endothelial cells (12). In animals, AT was shown to

protect against ischemia-reperfusion injury and acute liver, lung, and kidney injuries
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through the upregulation of prostacyclin expression and the inhibition of leukocyte
chemotaxis and I1-6/Tnf-a expression (29-31). The results obtained here agree with
those obtained in the previous reports. Anti-inflammatory activity of AT may be
partially dependent on the release of PGI, but further studies are necessary to clarify
the molecular mechanisms underlying these processes.

AT-insufficient mice show increased susceptibility to DEN and CCls-induced liver
tumorigenesis. AT~ mice were shown to have increased serum I1-6 and Tnf-a levels
following the chemical inducement of liver injury, and these mice exhibited increased
susceptibility to the development of ROS-induced oxidative DNA damage. TNF-a,
produced by the inflammatory cells in tumor microenvironment, can promote tumor cell
survival through the induction of the expression of genes encoding NF-kB-dependent
anti-apoptotic molecules, and can contribute to tumor initiation by stimulating the
production of genotoxic molecules, such as ROS, that can lead to DNA damage and
mutations (32). IL-6 activates signal transducer and activator of transcription 3 (STAT3)
inducing cell growth, cyclooxygenase-2 expression, and ROS production (32). One
common ROS molecule inducing DNA damage is 8-OHdG, and the typical pattern of
nucleotide alterations by 8-OHdG is G-C to T-A transversion during DNA replication,
which was observed in KRAS and P53 genes in liver cancers (33). Our results indicate
that AT shows anti-tumor activity through the suppression of oxidative DNA damages.
Therefore, the oxidative DNA damage is induced in AT"" mice through ROS
accumulation in response to DEN and CCly treatment.

Beneficial effects of AT were previously observed in patients with sepsis, suggesting

that AT suppresses the inflammation (10). If the administration of AT suppresses
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DEN-induced hepatocarcinogenesis in 47" mice, AT supplementation may be able to
suppress HCC recurrence after hepatectomy. However, whether exogenous AT inhibits
the development of ROS-induced oxidative DNA damage should be further investigated,
and whether AT administration suppresses DEN-induced carcinogenesis in AT mice.

In conclusion, AT insufficiency increases the susceptibility to liver tumorigenesis in

mice through an increased inflammation.
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Figure Legends

Fig. 1. AT insufficiency promotes DEN and CCls-induced liver tumorigenesis. WT
(n=6) and AT-insufficient (n=6) mice were treated with a combination of DEN (10
mg/kg) and 25 biweekly injections of CCls (0.5 mL/kg). DEN- and CCls-induced liver
tumors are presented here. The incidence of tumorigenesis was compared using the .

* P<0.05.

Fig. 2. AT-insufficiency promotes DEN and CCls-induced liver tumorigenesis. WT
(n=7) and AT-insufficient (n=8) mice were treated with a combination of DEN treatment
(10 mg/kg) and 27 biweekly injections of CCl4 (0.5 mL/kg). (A) DEN- and
CCls-induced liver tumors at 60 weeks. (B) Maximal tumor size in WT and
AT-insufficient mice. (C) Average number of liver tumors in WT and AT-insufficient

mice. Results are presented as mean+SE. Student’s t-test used: *P<0.05.

Fig. 3. AT-insufficiency exacerbates liver injury, hepatocellular apoptosis, and
inflammation after short-course DEN and CCl4 treatment. WT and AT-insufficient
mice were treated with DEN (10 mg/kg) and two biweekly injections of CCl4 (0.5
mL/kg). (A) Serum ALT and AST level were assessed. (B) TUNEL assay results (Scale
bar, 100 pm). The apoptotic index was determined by counting TUNEL-positive cells.
(C) Cleaved caspase-3 staining (Scale bar, 100 um), and cleaved caspase-3 index. The
obtained results are presented as mean+SE. (n=6 in each group). Student’s t-test used:

* P<0.05.
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Fig. 4. AT-insufficiency exacerbates liver injury, and induces hepatocellular
apoptosis and proliferation after long-term DEN and CCly4 treatment.

WT (n=7) and AT-insufficient (n=8) mice were treated with DEN (10 mg/kg), followed
by 27 biweekly injections of CCl4 (0.5 mL/kg). (A) TUNEL assay results (Scale bar,
100 um). The apoptotic index was determined by counting TUNEL-positive cells. (B)
Cleaved caspase-3 staining (Scale bar, 100 pm), and the cleaved caspase-3 index. (C)
Cleaved caspase-3 expression levels were determined by western blotting. (D) Ki-67
staining (Scale bar, 100 um), and Ki-67 index determination. Results are presented as

mean+SE (n=6 in each group). Student’s t-test was used: #*P<0.05.

Fig. 5. AT-insufficiency exacerbates DEN and CCls-induced inflammation. (A) WT
and AT-insufficient mice were treated with a combination of DEN (10 mg/kg), followed
by two biweekly injections of CCl4 (0.5 mL/kg). Serum I1-6 and Tnf-a levels were
determined by ELISA. (B) WT and AT-insufficient mice were treated with a
combination of DEN (10 mg/kg), followed by 27 biweekly injections of CCl4 (0.5
mL/kg). Neutrophil infiltration in liver was assessed by naphthol AS-D chloroacetate
esterase staining. Neutrophils were counted in 10 HPF. Results are presented as

mean+SE (n=6 in each group). Student’s t-test used: *P<0.05.

Fig. 6. AT-insufficiency promotes DEN and CCls-induced oxidative DNA damage in
liver. (A) WT and AT-insufficient mice were treated with a combination of DEN (10

mg/kg), followed by two biweekly injections of CCl4 (0.5 mL/kg). Liver sections were
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stained with anti-8-OHdG antibodies (Scale bar, 100 um). (B) WT and AT-insufficient
mice were treated with a combination of DEN (10 mg/kg), followed by 27 biweekly
injections of CCl4 (0.5 mL/kg). Hepatic 8-OHdG levels were measured by ELISA.

Results are presented as mean+SE (n=6 in each group). Student’s t-test used: #*P<0.05.

Fig. 7. AT administration suppresses DEN and CCls-induced hepatic injury and
inflammation in AT-insufficient mice. AT-insufficient (n=10) mice were treated with
DEN (10 mg/kg), followed by two biweekly injections of CCl4 (0.5 mL/kg). Five mice
were treated with human AT (500 U/kg, 1.p.), while five other mice were treated with
saline. AT was intraperitoneally given 1 hr before DEN induction therapy, followed by 3
injections of AT per week for 2 weeks. (A) Serum ALT and AST level were assessed.
(B) Serum Il-6 and Tnf-a levels were determined by ELISA. The results are presented

as mean+SE. Student’s t-test used: * P<0.05.
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Supplementary Fig. S1. Histopathological findings of DEN and CCls-induced liver
tumorigenesis. (A) Representative hematoxylin and eosin-stained images of liver
adenoma (scale bar, 100 pm). (B) Representative hematoxylin and eosin-stained images

of hepatocellular carcinoma (scale bar, 100 um).

Supplementary Fig. S2. AT insufficiency exacerbated DEN and CCls-induced liver
dysfunction and hepatic fibrosis. Wildtype (n=7) and AT-insufficient (n=8) mice were
treated with a combination of DEN (10 mg/kg) given at the age of 6 weeks, followed by
27 biweekly injections of CCl4 (0.5 mL/kg). (A) Serum T-Bil levels were assessed. (B)
Representative Azan-stained images of liver tissues (scale bar, 100 um). Liver fibrotic

areas were measured. Values are expressed as the mean = SE. The Student t-test was

used for analysis. *p < 0.05.

Supplementary Fig. S3. Kinetics of plasma AT in AT-insufficient (47") mice after
intraabdominal injection of AT. Plasma activities of AT in each group (n=3) were
measured before, 24 hr, and 72 hr after intraabdominal injection of AT (5001U/kg).

Values are expressed as the mean + SE. The Student t-test used for analysis. * p < 0.05.
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Supplementary Fig. S1

Supplementary Fig. S2. Histopathological findings of DEN and CCl -induced liver tumorigenesis. (A)
Representative hematoxylin and eosin-stained images of liver adenoma (scale bar, 100 um). (B)

Representative hematoxylin and eosin-stained images of hepatocellular carcinoma (scale bar, 100 pm).
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Supplementary Fig. S3. AT insufficiency exacerbated DEN and CCl-induced liver dysfunction and hepatic
fibrosis. Wildtype (n=7) and AT-insufficient (n=8) mice were treated with a combination of DEN (10 mg/kg)
given at the age of 6 weeks, followed by 27 biweekly injections of CCl, (0.5 mL/kg). (A) Serum T-Bil levels
were assessed. (B) Representative Azan-stained images of liver tissues (scale bar, 100 um). Liver fibrotic areas

were measured. Values are expressed as the mean &= SE. The Student t-test was used for analysis. * p < 0.05.
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Supplementary Fig. S4. Kinetics of plasma AT in AT-
insufficient (A7) mice after intraabdominal injection of
AT. Plasma activities of AT in each group (n=3) were measured
before, 24 hr, and 72 hr after intraabdominal injection of AT
(5001U/kg). Values are expressed as the mean = SE. The

Student t-test used for analysis. * p < 0.05.



