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Table 3 Correlations between clinical findings and hepatic 8-OHdG expression levels in patients with chronic hepatitis C and B

Chronic hepatitis C (n = 77)

Chronic hepatitis B (n = 34)

Characteristics r P Values r P Values
Age (years) 0.140 0.2212 -0.559 0.0013
Body mass index (kg/m?) 0.265 0.0209 -0.291 0.0944
Laboratory data

ALT (IU/L) 0.7318 <0.0001 0.506 0.0037

AST (IU/L) 0.720 <{L,0001 0.515 0.0031

T-Bilirubin (mg/dL) 0.351 0.0022 0.050 0.7717

T-Cholesterol (mg/dL) -(.029 0.7994 0.227 0.1924

Hyaluronic acid (ng/mL) 0.226 0.0487 -0.253 0.14513

Platelet count (x 10*/mm’) -0.266 0.0205 0.302 0.0825

Red blood cell count (x 10*/mm’?) 0.027 0.8147 -0.032 0.8544

Haemoglobin (g/dL) 0.125 0.2768 0.033 0.8516

Serum iron (ug/dL) 0.270 0.0185 -0.078 0.6549

Transferrin saturation (%) 0.318 0.0056 =0.075 0.666H4

Serum ferritin (ng/mL) 0.615 <0.0001 0.064 0.6928
Viral litre

HCV-RNA (KIU/mL) -0.024 0.8324 -

HBV-DNA (LGE/mL) - 0.540 0.0019
Liver histology

Total iron score® 0.520 <0.0001 =126 0.4079

mRNA (/GAPDH)

TR2 -0.258 0.0243 -0.167 (1.3457
Hepcidin 0.571 <0.0001 N.070 0.6883

*Histological quantification of iron was assessed by total iron score proposed by Deugnier et al (1992).
8-0HdG. 8-hydroxyguanosine: ALT. alanine aminotransferase: AST. aspartate aminotransferase: TIR 2. transferrin receptor 2:

GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Hold values indicate that correlations between these two variables are very close (r > 0.5).

hepatic hepcidin mRNA expression levels, as a marker for
iron overload. A statistically significant positive correlation
was also observed between 8-0HAG levels and hepcidin
mRNA levels in the liver of patients with CH-C (r = 0,571,
P < 0.0001) (Table 3: Fig. 2e).

Clinical variables that correlate with hepatic oxidative
DNA damage in patients with CH-B

The correlation of clinical and histological findings with the
degree of hepatic oxidative DNA damage was also evaluated
in CH-B patients. Serum transaminase levels were signifi-
cantly correlated with hepatic 8-0HdG count in CH-B pa-
tients (vs ALT. r = 0,506, P = 0.0037: vs AST. r = 0,515,
P =0.0031) (Table 3; Figs 3a.b). although the statistical
coeflicients of Spearman were smaller compared to those of
CH-C. Hepatic 8-OHAG was increased in accordance with the
progression of hepatic histological inflammatory grading in
CH-B patients, but these differences did not reach statistical
significance (Fig. 1d). Unlike cases of HCV infection, hepatic
8-0HdG levels were not related to body and hepatic iron
deposition markers (serum ferritin, TIS. hepcidin mRNA
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levels). but were significantly correlated with individual
serum HBV-DNA titres and age of the patients (Table 3:
Fig. 3c.d).

DISCUSSION

Especially in the case of HCV infection. underlining mech-
anisms by which hepatitis viruses cause liver cell injury are
largely unknown. Oxidative stress is one of the most
probable mediators, because patients with chronic HCV
infection show an increase in serum or liver content of
oxidative stress markers, such as lipid peroxidation prod-
ucts |20], superoxide dismutase [10], and B-isoprostane
[27]. In this study, using specific and sensitive immuno-
histochemical staining with anti-8-0HdG  antibodies.
8-0OHdAG positive signals in the liver tissue were detected in
all patients examined, indicating that oxidatively generated
DNA damage occurs [requently in the liver of patients with
chronic HCV and HBV infections. The relatively high
8-OHdG expression levels in our study compared to previ-
ous reports [28.29] are most lkely related to differences in
methodology. Variations in 8-OHdG levels have been
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reported depending on DNA extraction procedures and
detection methods used [30]. Therefore, a comparison of
absolute 8-OHdG walues between different studies can be

done with caution.

hepeidin messenger RNA levels in
hepatic tissue.

The first conclusion of our study is that guantitative
hepatocytic 8-OHAG  immunoreactivity was significantly
correlated with serum transaminase levels, the representa-

tive serum marker of hepatic inflammation, both in CH-C
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and CH-B. In the case of HCV, these results are in accordance
with previous reports showing that plasma levels of lipid
peroxidation products are correlated with aminotransferase
levels in CH-C patients [31]. Shimoda et al. [28] also estab-
lished a positive correlation between 8-OHdG concentration
of extracted DNA from CH-C liver biopsy specimens and
serum ALT activity. A possible link between the degree of
hepatic oxidative DNA damage and hepatic inflammation
may indicate the direct involvement of hepatic oxidative
stress in the pathogenesis and progression of liver cell injury
in chronic viral hepatitis. Certainly, it is unclear whether the
oxidative stress is the cause or the consequence of liver cell
injury from our results. but whichever is correct. hepatic
DNA damage could be the cause of hepatocarcinogenesis
which is frequently observed during chronic HCV and HBV
infection, as 8-OHdG is a promutagenic lesion as it mispairs
during DNA replication [4). Therefore. it is conceivable that
the treatment of chronic liver disease to suppress hepatic
inflammation may have a preventive benefit for HCC devel-
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opment in chronic hepatitis patients. In fact. clinical studies
have suggested that continuous hepatitis with high trans-
aminase activity afler curable resection of HCC is an inde-
pendent risk factor for new development of HCC [32]. and
that treatment of chronic active hepatitis C with interferon
may diminish the incidence of HCC in patients who nor-
malized transaminases, even when viracmia is persistent
[33].

Our second major conclusion is that the 8-OHdG-positive
hepatocytic count in HCV-infected livers was significantly
higher than in HBV-infected ones, suggesting that HCV
infection may cause a more advanced oxidative stress in
the liver during chronic infection, Because the baseline
characteristics including serum aminotransferase levels and
histological grading of inflammation were not significantly
different between CH-C and CH-B, the difference in the
hepatic inflammation status does not seem to be responsible
for the abundant hepatic oxidative stress in CH-C paticnts,
Stratifying the patients with histological grade. CH-C
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patients in the subgroup with mild to moderate inflam-
matory activities (grading scores 0/1 and 2) also had sig-
nificantly higher B-OHdG levels as compared to CH-B with
the same inflammatory activities, indicating that HCV
infection itsell has a more direct influence on hepatic oxi-
dative stress [ormation. Most plausible candidate for the
source of hepatic oxidative stress formation in CH-C is
excessive deposition of iron in the liver, that is frequently
implicated In chronic HCV infection [20,21,34), because
the serum ferritin levels, that reflect the iron burden in the
body of chronic liver disease patients |35], and TIS, the
marker of hepatic iron deposition, were significantly higher
in CH-C patients than in CH-B. The hepatic 8-OHdG levels
were significantly correlated with the ferritin levels and TIS
scores, also indicating a strong relationship between the
oxidative DNA damage and iron overload status in the liver
of patients with CH-C. It is known that free iron promotes
generation of oxygen radicals by catalysing the Fenton
reaction In which Fe® *reacts with H.0, to generate
highly reactive hydroxyl radicals. Therefore, it is plausible
that ROS production during chronic HCV infection is the
effect of high iron levels in hepatic tissues in CH-C patients,
which lead to progressive liver inflammation, and increased
risk for developing liver cancer. The mechanisms involved
in such a modification of iron metabolism associated with
chronic HCV infection remain unclear. We have reported
previously that the hepatic TIR2 mRNA expression levels
were remarkably Increased in CH-C patients [23] and the
results were confirmed in this report using another study
population. Therefore, hepatic ron overload may be caused
by this upregulation of hepatic TIR2 expression in the liver
of HCV infected patients. Recently, hepcidin, that is exclu-
sively synthesized In the liver, was identified as a key reg-
ulator of body Iron balance [25.26]. It has been clearly
demonstrated that hepatic hepcidin expression is immedi-
ately and strictly regulated in response to hepatic iron
levels [25). In this study, a significant correlation was ob-
served between hepatic 8-OHAG count and hepatic hepeidin
expression levels in CH-C patients. also suggesting direct
Involvement of iron overload in hepatic oxidative stress
formation. although the hepcidin expression levels were not
significantly different between HCV- and HBV-infected
patients. Further studies are necessary to identify the
molecular mechanism responsible for iron overload that is
frequently seen in CH-C patients.

Hepatic oxidative stress also seems to be concerned with
hepatic inflammation in the case of chronic HBV infection.
because the serum transaminase levels were significantly
correlated with the hepatic 8-OHdG count among the CH-B
patients. However, serum ferritin and TIS were not corre-
lated to hepatic 8-OHAG levels in CH-B, therefore the
involvement of iron overload for hepatic oxidative stress
formation is relatively weak or none in chronic HBV
infection. On the other hand, hepatic 8-0HdG levels were
positively correlated with serum HBV-DNA titers. Majano

et al. [36] demonstrated that the HBV genome could di-
rectly upregulate nitric oxide synthase 2 (NOS2) gene
expression in cultured human hepatocyte-derived cells. The
NOS2 gene generated long-term over-production of nitric
oxide (NO), resulting in an Increase in NO-related DNA
damage [37). Therefore, such a mechanism by which HBV
directly induces hepatocarcinogenesis may be involved in
the formation of hepatocytic DNA damage in chronic HBV-
infected patients. The correlation of hepatic 8-0HdG count
with age may be on account of the correlation between age
and HBV-DNA ttres in these patients (r = -0.551.
P = 0.0015).

In summary, we have demonstrated that oxidative DNA
damage widely occurs in the livers of patients with chronic
viral hepatitis especially in CH-C. and its relation to serum
wrasaminase levels indicates that hepatic oxidative stress is
one of the mechanisms fuelling necro-inflammatory chan-
ges in chronic viral hepatitis. As a matter of fact, it should
be noted that 8-OHdG represents an ongoing mutagenic
phenomenon even in liver cirrhosis where high transami-
nase levels are unusual. Thus, hepatic 8-OHdG levels may
be the most potent predictive marker for hepatocarcino-
genesis during chronic HCV and HBV infection. The strong
positive correlations between hepatic oxidative DNA dam-
age and iron overload in CH-C suggest that hepatic iron
content is one of the most probable mediators of hepatic
oxidative stress in HCV infection. and iron reduction ther-
apy may be beneficial in reducing HCC incidence in CH-C
patients.
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Summary. Background: Thrombin-activatable fibrinolysis
inhibitor (TAFT) has been reported to affect wound healing
and fibrotic processes, but its role in renal tubulointerstitial
fibrosis remains unknown. Objective: To study its potential
role, we compared TAFI-deficient and wild-type mice for the
degree of renal fibrosis caused by unilateral ureteral obstruction
(UUO). Merhods: The grade of tubulointerstitial fibrosis, the
activity of plasmin, MMP-2 and MMP-9 were evaluated on
days 4 and 9 after UUO. Results: The renal content of
hydroxyproline and the activity of plasmin, MMP-2 and MMP-
9 were significantly increased in kidneys with UUO from TAFI-
deficient mice compared with those from wild-type mice. These
differences disappeared when animals with UUO from both
groups were treated with the plasmin inhibitor tranexamic acid,
The renal concentrations of fibrogenic cytokines were also
significantly elevated in kidneys with UUO from TAFI-
deficient mice compared with those from wild-type mice.
Conclusion: The results of this study suggest that increased renal
activity of plasmin in TAFI-deficient mice causes increased
renal interstitial fibrosis in obstructive nephropathy.

Keywords: coagulation, fibronolysis,
obstruction, plasmin, renal fibrosis.

metalloproteinases,

Introduction

Renal interstitial fibrosis is a frequent pathological finding in
a wide variety of disorders including those associated with
obstruction of the renal excretory system [1]. Obstructive
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nephropathy is characterized by increased infiltration of
monocytes/macrophages, increased activation of myofibro-
blasts, tubular atrophy and augmented synthesis and accu-
mulation of extracellular matrix (ECM) proteins in the renal
interstitium [1,2]. A recent study, showing that mice deficient
in plasminogen had decreased obstructive nephropathy-asso-
ciated renal interstitial fibrosis compared with their wild-type
counterparts, suggests that plasmin is profibrotic in this
model [3].

In theory, plasmin can be profibrogenic by its ability to
stimulate the recruitment of leukocytes [4], to activate the latent
form of transforming growth factor-B (TGF-B) and to increase
the release of TGF-} bound to matrix components [5]. Plasmin
can also stimulate fibrosis by activating MMPs, which causes
tubular basement membrane disruption, or by promoting
tubular epithelial-to-mesenchymal transition [6]. The regulator
of this profibrotic action of plasmin remains unknown. The
profibrogenic action of plasmin was reported to be independent
of the effects of tissue plasminogen activator and plasminogen
activator inhibitor-1 (PAI-1) [7-9]). Another potential regulator
of plasmin generation is thrombin-activatable fibrinolysis
inhibitor (TAFI). TAFI is an acute reactant protein (55 kD)
produced in the liver and secreted in zymogen form. TAFI is
activated by thrombin, plasmin and the thrombin-thrombo-
modulin complex. The active form of TAF inhibits fibrinolysis
by blocking directly the action of plasmin or cleaving the
carboxy-terminal lysine residues from partially degraded fibrin
[10,11]. In this study, we hypothesize that TAFI-mediated
decreased plasmin generation ameliorates unilateral ureteric
obstruction (UUO)-induced renal interstitial fibrosis.

Materials and methods

Animals

TAFI knockout mice, originally generated and characterized
by Nagashima er al. [12], were backcrossed with C57BL/6 mice
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for more than ten generations before being used in the
experiments. Mice were housed on a constant 12-h light/12-h
dark cycle in a temperature- and humidity-controlled room,
with free access to standard chow and water. Male TAFI
knockout mice and wild-type littermates between § and
10 weeks of age were used in the experiments.

Animal model of UUO

Three groups of male, weight-matched, TAFI knockout and
wild-type mice were used in the experiments: sham-operated
mice with normal urinary tract (SHAM), wild-type mice with
left ureteral obstruction (WT/UUO) and TAFI-deficient mice
with Jeft ureteral obstruction (KQO/UUO). The contralateral
kidneys in both genetic groups (WT/CONT) and (KO/CONT)
served as intraindividual controls. UUO was performed in
sterile conditions under general anesthesia performed with
Nembutal® (Dainippon Pharmaceutical Co. Lid, Osaka,
Japan). The left ureter was exposed through a mid-abdominal
incision and double-ligated at the uretero-pelvic junction.
Sham-operated animals underwent identical surgical proce-
dures but without ureteral ligation. Plasma and both control
kidneys of SHAM mice and the obstructed kidney and the
intact right contralateral kidney of UUO mice were collected
on days 4 (n = 6 in each group) and 9 (» = 8 in each group)
after operation.

To investigate the role of plasmin activity, WT and TAFI
KO mice (n = 6 in each group) were treated with tranexamic
acid (Sigma-Aldrich, St Louis, MO, USA) during the UUQ
model. Tranexamic acid was administered by daily subcutane-
ous injection (1.8 mg per day) plus oral ingestion by adding it
to drinking water at a concentration of 20 mg mL™" following
previously described methods [13]. All mice were killed by
exsanguination under general anesthesia. The Mie University’s
Committee on animal investigation approved the experimental
protocol, and the experiments were performed according to the
guidelines for animal experiments of the National Institute of
Health.

Preparation of renal tissues

After killing the animals under anesthesia, the left kidney was
harvested, washed in ice-cold phosphate-buffered saline (PBS)
and the renal capsule was removed. The right kidney was
treated in the same way and used as intraindividual control.
Both the left and right kidneys were then cut and separated into
two pieces by sagittal section; one half was used for preparation
of paraffin sections and the other half was homogenized for
2 min in a protease inhibitor cocktail without ethylenediamine
tetraacetic acid (Nacalai Tesque, Kyoto, Japan) using a
Polytron homogenizer (Kinematica GmbH, Littau-Lucerne,
Switzerland). The homogenates were then centrifuged
(15000 x g) at 4°C and the supernatants stored in small
aliquots at -80 °C until use. Protein concentration in the
homogenates was measured using the BCA™ protein assay kit
purchased from Pierce (Rockford, LL, USA).

Measurement of interstitial expansion

Renal interstitial space, defined as the area not occupied by
glomeruli, tubules or vessels, was estimated using image
processing software (WinRoof Mitani Corp., Fukui, Japan),
as previously reported [14]. Briefly, five randomly selected
cortical fields, from periodic acid shif (PAS) stained paraffin
sections, were photographed under high magnification (400x)
using a spot digital camera (Olympus DP70 Digital Camera,
Tokyo, Japan). Next, the areas occupied by glomeruli, tubules
and vessels were outlined and cut out from the image. The PAS
(+) interstitial space is reported as the percentage of the total
image area (n = 6).

Measurement of hydroxyproline

Total renal hydroxyproline content was measured by a
colonmetric method as previously described [15].

Western blotting

Protein was extracted from renal tissue from each group of
mice using lysis buffer containing a protease inhibitor cocktail
without ethylenediamine tetraacetic acid (Nacalai Tesque,
Kyoto, Japan). Protein concentrations were determined by
using a BCA Protein Assay Kit (Pierce). Fibrin(ogen) in the
samples was immunoprecipitated using rabbit antifibrin(ogen)
antibody (Dako A/S, Glostrup, Denmark) and protein G
microbeads (Miltenyi Biotec, Bergidch Gladbach, Germany).
Then the proteins were fractionated on sodium dodecylsulfate
(SDS)-polyacrylamide gels and transferred to a polyvinyldifiu-
oride membrane. The membrane was then probed with
antifibrin(ogen) and horseradish peroxidase-labeled goat anti-
rabbit antibody. The membrane was washed and quantitated
using an enhanced chemiluminescence detection system (ECL;
Amersham, Buckinghamshire, UK).

Biochemical analysis

The levels of monocyte chemoattractant protein-1 (MCP-1),
TGE-pl, interleukin(IL)-6 and IL-1} were measured using
enzyme immunoassay kits from BD Biosciences Pharmingen
(San Diego, CA, USA), and fibrin(ogen) was measured using
(Dako A/S, Glostrup, Denmark) antibodies. The levels of
tissue-type plasminogen activator (t-PA) and urokinase-type
plasminogen activator (u-PA) were measured spectrophoto-
metrically using the synthetic chromogenic substrates 5-2288
and S$-2444 (Chromogenix, Molndal, Sweden). The level of
mouse PAI-1 was measured by enzyme immunoassay using a
primary monoelonal antibody specific for mouse PAI-1 and
biotin-labeled anti-PAl-1 antibody. Plasmin activity in renal
tissue and plasma was determined using a plasmin-specific
chomogenic substrate 5-2251 (Chromogenix, Molndal, Swe-
den). In bref, 100 pL of renal homogenate or plasma from
each mouse was placed in wells of a 96-well plate and then
100 pL (1/10) of the chromogenic substrate was added to the
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duplicated samples. Release of p-nitroaniline was measured at
405 nm after 10, 30 and 60 min of incubation. Standard curves
were generated using human plasmin (Haematologic Thech-
nologies Inc., Essex Junction, VT, USA).

Zymographic analysis

The activity of metalloproteinases was measured by gelatin
zymography using a commercial kit from Invitrogen Life
Technology (Carlsbad, CA, USA). 15 pug of sample were
loaded in 10% zymogram gelatin gels under non-denaturating
conditions. Human MMP-2 and MMP-9 (Chemicon Interna-
tional, Temecula, CA, USA) were used as positive controls.
Following electrophoresis, the gel was then incubated in
developing solution and stained using the Novex Colloidal
Blue Staining Kit from [nvitrogen. Photographs were analyzed
using WinRoof image analysis software. Activity of plasmin in
plasma was also analyzed by zymographic analysis. In brief,
12% SDS-polyacrylamide gels were prepared containing
0.012% fibrinogen and thrombin (10 NHIU mlI™), 5 uL of
plasma from each group of mice were dissolved in electro-
phoresis sample buffer without mercaptoethanol, applied to
the gel and separated electrophoretically. The gels were washed
in 2.5% Triton X-100, incubated overnight at 37 °C, and then
stained with Coomassie blue.

Reverse transcriptase-polymerase chain reaction for gene
expression

For evaluation of TAFI gene expression, total RNA was
extracted from renal and liver tissues by the guanidine
isothiocyanate procedure, using TRIzol reagent (GIBCO Life
Technologies, Grand Island, NY, USA). 2 pg of total RNA
were reverse transcribed with oligo(dT) primers and then the
cDNA was amplified by polymerase chain reaction (PCR),
using a SuperScript preamplification system kit (GIBCO Life
Technologies) according to the manufacturer’s instructions and
a thermal cycle program (ASTEC, Fukuoka, Japan). The
sequences of mouse TAFI primers used in the experiments were
as follows: sense primer, CTGAACAGCATCCTGACA, and
antisense  primer, GCAGGTGAAATCCATTCTCTGGC.
The sequences of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) primers were as follows: sense primer, TGCTGAG-
TATGTCGTGGAGTCTA, and antisense primer, AGTGG-
GAGTTGCTGTTGAAGTCG.

Statistical analysis

Data are expressed as the mean * standard error of the
mean. Statistical differences between groups were evaluated
by one-way analysis of variance with Newman-Kleus test as
post hoc analysis or by Student’s r-test when two groups were
compared. A value of P < 0.05 was considered as statisti-
cally significant. All statistical analyses were performed using
the Graph pad software package (Graph pad, San Diego,
CA, USA).
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Results

Pathological findings

The kidneys with UUO from both wild-type and TAFI KO
mice developed progressive renal cortical thinning and tubu-
lointerstitial fibrosis on days 4 and 9 compared to contralateral
kidneys without ureteral obstruction. These pathological
changes were significantly more prominent in TAFl-deficient
mice than in wild-type mice (data not shown). Renal interstitial
(peritubular) space was measured as a marker of tubulointers-
ual fibrosis (Fig. 1A); there was a significant interstitial
expansion in both WT/UUO and KO/UUO groups compared
to WT/CONT and KO/CONT groups but the interstitial
expansion in KO/UUO was significantly enhanced in KO/
UUO mice compared to WT/UUO mice (Fig. 1B). The
hydroxyproline content, another marker of tissue fibrosis,
was significantly higher in the kidneys from KO/UUO mice
than in those from WT/UUO mice (Fig. 1C). The disease
progressed with time, as the hydroxyproline content in samples
taken after 9 days (Fig. 1C) was higher than that taken after
4 days (Fig. 1D). No significant difference was observed in the
hydroxyproline content between the WT/CONT and KO/
CONT groups (Fig. 1C.D).

Activity of plasmin, t-PA and u-PA

The activity of plasmin, t-PA, u-PA was measured in mice with
UUO after 9 days. The renal activity of plasmin was not
significantly different between SHAM and WT/UUO mice;
however, renal plasmin activity was significantly higher in KO/
UUO mice than in SHAM or WT/UUO mice (Fig. 1E).
Treatment of wild-type and TAFI-deficient mice with tranexa-
mic acid caused equalization of renal plasmin in the kidneys
from WT/UUO and KO/UUO mice (Fig. 1E). The activity of
plasmin in plasma as measured by amidolytic assay (Fig. 1F)
and zymography (Fig. 1G)was not significantly diferent among
the groups. The renal activity of t-PA was significantly enhanced
in both WT/UUO and KO/UUO groups compared to the
SHAM group, but it was significantly higher in KO/UUO than
in WT/UUO mice (Fig. 1H). Urokinase activity was also
significantly enhanced in KO/UUO and WT/UUO groups
compiared to the SHAM group but no significant diferense was
found between KO/UUO and WT/UUOQ groups (Fig. 11).

Renal level of PAI-1 and activity of MMPs

PAIl-1 expression was significantly enhanced in the obstructed
kidneys of both the KO/UUO and WT/UUQ groups com-
pared to the control groups, but it was not significantly
different between the KO/UUO and WT/UUO groups
(Fig. 2A). The activity of MMP-2 was undetectable in the
WT/CONT and WT/UUO groups, but it was clearly present in
the KO/UUO group (Fig. 2B,C). The activity of MMP-9 was
undetectable in the WT/CONT and KO/CONT groups; it
was detected in the WT/UUO group, but its activity was
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significantly higher in KO/UUQ mice than in the WT/UUO
group (Fig. 1B,D).

Fibrin(nogen) accumulation

Ureteral obstruction increased the fibrin(nogen) deposition in
both WT/UUO and KO/UUO mice compared to their
respective contralateral control kidneys (Fig. 2E). Quantitative
analysis performed by EIA showed significantly enhanced
concentration of fibrin(ogen) in the WT/UUO (1811 + 156 pg
mg" of protein, n = 5) and KO/UUO (1518 = 167 ug mg™’
of protein, n = 5) groups compared to the WT/CONT (580 +
94 pg mg™" of protein, n = 5) and KO/CONT (386 + 77 pg
mg™" of protein, n = 5) groups, respectively. However, there
was no statistically significant difference in the renal concen-
tration of fibrin(ogen) between WT/UUOQ and KO/UUO mice,

Effect of tranexamic acid treatment

Tranexamic acid is a well-known inhibitor of plasminogen
conversion to plasmin. Treatment of wild-type and TAFI-

deficient mice with tranexamic acid caused equalization of
hydroxyproline content in the kidneys from WT/UUO and
KO/UUO mice (Fig. 2G,H). Moreover, there was a decrease in
gelatinolytic activity shown by reductions in the activity of
MMP-2 and MMP-9 when the KO/UUO [KO/UUO{TXA-)]
mice were treated with tranexamic acid [KO/UUO(TXA +))
(Fig. 3A.B).

Concentration of cytokines and chemakines

The concentration of TGF-BI, IL-1f (Fig. 3D) and MCP-1
(Fig. 3E) in renal tissue homogenates and the plasma level of
IL-1B (Fig. 3F) were significantly elevated in KO/UUO mice
compared to WT/UUO mice 9 days after UUO. The renal
concentration of TGF-f1 was significantly inhibited by
tranexamic acid treatment in both WT/UUO and KO/UUO
groups; there was no significant difference between the WT/
UUO and KO/UUO groups after treatment with tranexamic
acid (Fig. 3D). [n addition, the plasma concentration of 1L-6
(Fig. 3G) was also significantly increased in KO/UUO mice
4 days after UUO compared to SHAM and WT/UUO mice.
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Expression of TAFI in renal tissues

Expression of TAFI was detected in renal tissue and the liver
{positive control) as measured by reverse transcription poly-
merase chain reaction (RT-PCR; Fig. 3H). Comparison of
TAFI expresion between samples taken from mice with and
without UUO after 9 days (Fig. 31) showed no difference.

Discussion

This study demonstrates that mice deficient in TAFI have
increased activity of plasmin and metalloproteinase and
enhanced collagen deposition in the renal interstitium com-
pared to wild-type mice.

Components of the fibrinolysis system include t-PA, uroki-
nase, u-PA receptor, plaminogen, and inhibitors of plasmin
generation such as PAI-1 and TAFI [16]. Differential roles
have been ascribed o these proteins in the pathogenesis of
renal fibrosis, particularly in the process of fibrogenesis
following UUO. Plasmin was reported to e¢nhance renal
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interstitial fibrosis in the UUO model by increasing epithe-
lial-mesenchymal transition and by promoting the activation
of TGF-pl and MMP-2 [3,6]. Independently of plasmin
generation, urokinase, u-PA receptor, t-PA and PAI-1 were
reported to affect the development of tubulointerstitial fibrosis.
t-PA enhances renal fibrosis by enhancing MMP-9 activation,
and PAI-| by increasing inflammatory cell infiltration, matrix
turnover and the inhibition of urokinase activity [7-9]. The
cellular receptors of urokinase have been reported to protect
against renal fibrosis by modulating the clearance of angiogenic
and profibrotic molecules during renal injury [17,18]; however,
endogenous urokinase was found to exert no antifibrotic effect
in the UUO model [19].

In this study, we evaluated the role of TAFI in renal
tubulointerstitial fibrosis using the model of UUO. We found
that the renal content of hydroxyproline, an indicator of tissue
fibrosis, was significantly increased in TAF|-deficient mice on
days 4 and 9 after ureteral obstruction compared with their
wild-type counterparts. This suggesis that TAFI protects
against UUO-related renal interstitial fibrosis.
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To clarify the mechanism by which TAFI protects against
renal fibrosis, we measured the renal activity of plasmin and
metalloproteinase, and found that the activity of these prote-
ases was significantly increased in kidneys with UUO from
TAFI-deficient mice compared with that from wild-type mice.
This observation suggests that there is a link between enhanced
plasmin activity and interstitial fibrosis in the model of UUO.
Inhibition of plasmin activity in our model (by treating the mice
with tranexamic acid) equalized the renal deposition of
hydroxyproline in both TAFI-deficient and wild-type mice,
confirming that renal interstitial fibrosis in UUO with TAFI
deficiency was caused by increased plasmin activity. Interest-
ingly, we found that plasmin activity in plasma is no different
between TAFI-deficient and wild-type mice with ureteral
obstruction, suggesting that plasmin is locally generated in
the kidneys. Zhang et al. [6] reported an increased activity of
plasmin in wild-type mice with ureteral obstruction compared
to SHAM mice, whereas we found only a slight increased
plasmin activity in wild-type mice with the renal obstructive
disease compared 10 SHAM mice. This discrepancy may be

explained by the different assays used in both studies. The
profibrotic effect of plasmin may be explained by its ability to
stimulate the infiltration of inflammatory cells at sites of tissue
injury or to promote the activation of TGF-BI or its release
from matrix components [3-5]. Plasmin may also contribute to
renal fibrosis by activating pro-MMPs, particularly MMP2
and MMP-9, which are known to promote fibrosis by inducing
epithelial-mesenchymal transformation [6]. In line with this, we
found increased activity of MMP-2 and MMP-9 in TAFI-
deficient mice with UUO compared with their wild-type
counterparts.

The hallmark of renal fibrosis is the increased and
abnormal deposition of collagen in the tubulointerstitial
spaces of the kidneys. Excessive deposition of collagen in
the kidneys may result from disruption of the balance between
processes of synthesis and degradation of extracellular matrix
proteins [20]. This balance is regulated by a complex network
of cytokines (IL-1B, IL-6), chemokines (MCP-1) and growth
factors (TGF-B1). IL-18, MCP-1, IL-6, and TGF-§1 promote
tissue fibrosis by stimulating the secretion and deposition of
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collagens and TGF-p1 after tissue injury or matrix destruction
[21,22]. TGF-Bl may also promote collagen deposition by
stimulating the secretion of tissue-type metalloproteinase
inhibitors or by accelerating the epithelial mesenchymal
transition [21]. In the present study, we found significantly
increased concentrations of TGF-Bl and MCP-1 in the
kidneys with ureteral obstruction from TAFI-deficient and
wild-type mice compared to those from the contralateral
unobstructed kidneys. In addition, the plasma concentrations
of IL-1P and IL-6 were also significantly elevated in mice with
UUQ compared with the SHAM group. These observations
emphasize the critical role of these inflammatory mediators in
the pathogenesis of UUO-related fibrosis. However, the
concentrations of TGF-B1 and MCP-1 in the kidneys and
the plasma concentrations of IL-1 and IL-6 were significantly
elevated in TAFI-deficient mice with UUO compared to their
wild-type counterparts, suggesting the protective role of TAFI
in UUO. It is worth noting that UUO-related renal fibrosis
may also occur independently from the fibrogenic action of
TGF-p1 [23).

We have previously reported that deficiency in TAFI is
associated with decreased deposition of fibrin and collagen in a
mouse model of ung fibrosis, and that this effect is abrogated
by depleting the circulating level of fibrinogen, which suggests
that decreased generation of plasmin by TAFI favors fibro-
genesis in the lung [15] Enhancement of renal fibrosis by
excessive deposition of fibrin has been also reported in models
of chronie glomerulonephnitis and glomerulosclerosis [24-28].
However, the role of fibrin deposition in obstructive nephrop-
athy-associated tubulointerstitial fibrosis is unknown. In this
study, we found no difference in renal fibrin deposition between
TAFI-deficient and wild-type mice with ureteral obstruction,
indicating that renal fibrosis is independent of fibrin in UUO.
This observation suggests that the influence of plasmin on
fibrogenesis is organ-specific.

In summary, the results of this study show that increased
renal activity of plasmin in TAFI-deficient mice is associated
with increased tubulointerstitial fibrosis in obstructive
nephropathy. This observation suggests that TAFI may be a
potential molecular target for the therapy of obstructive
nephropathy.
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SUMMARY

Background

Radiolrequency ablation (RFA) therapy for hepatocellular carcinoma has
enabled good local control 1o he possible. However, after successful
local control, distant recurrences [requently occur in the remnant liver.
Aim

To identify the predictive factors for distant recurrence after RFA.
Methods

A total of 117 patients with initial non-advanced hepatocellular carci-
noma with HCV who underwent RFA in our hospital were selected for
this study. After transcatheter chemoembolization, REA was performed
under real-time computed tomography-fluoroscopic guidance. We stud-
ied survival rates, local (adjacent to treated tumour) and distant (intra-
hepatic site distant from the treated tumours) recurrence rates, as well
as predictive factors for distant recurrence,

Results

After RFA, survival rates were 98.2% and 64.7% at | and 5 years,
respectively. Child B patients had a signilicantly worse survival than
Child A. Recurrence rates were 2.4% al 5 years [lor local, and 17.1% and
76.9% at 1 and 5 years, respectively, for distant. The Kaplan-Meier
method revealed significantly high recurrence rates in cases with low
albumin levels (Alb < 3.5 g/dL), high asparntate aminotransferase levels
(AST > 60 IU/L), high alanine aminotransferase levels (ALT > 60 [U/L),
low platelet counts (Plt < 10 x 10"/4uL), and high alpha-fetoprotein lev-
els (AFP > 50 ng/mL). On multivariate analysis, low Alb levels and high
AST levels were independent predictive factors for distant recurrence.
Conclusions

Although RFA enables good local control for initial hepatocellular carci-
noma, distant recurrence is observed at high rates in HCV patients. Low
albumin and high AST levels are predictive factors [or distant recurrence.

Aliment Pharmacol Ther 27, 1253-1260
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INTRODUCTION

Hepatocellular carcinoma (HCC] is a common conipli-
cation of liver cirrhosis, and one of the main causes of
death in lver cirrhosis, Surgical resection is an effee-
tive treatmeni for prevention of local recurrence. but
indications are limited because of the underlying liver
function. As a local treatment, percutaneous ethanol
injection therapy (PEIT] has also been performed, but
the clinical effects are unsatisfactory. Radiofrequency
ablation [RFA) was first described by Rossi et al..' and
is a relatively new technique for local 1ICC therapy
with many swudies having demonstraied its clinical
utility and safety.™ ' Comparative studies have shown
that RFA is superior to PEIT in achieving complete
tumour necrosis and local control with fewer treat-
ment sessions.” ® Since RFA was introduced, the local
recurrence rate has decreased.” In addition, we have
shown that a combination therapy with RFA and
transcatheter chemoembolization is a sale and practi-
cal treatment method that achieves good therapeutic
effects in both small and large 1HCC lesions.™ * Blood
llow promotes heat loss, and reducing or eliminating
blood flow during the RF procedure is known to
increase the ablation volume.” Because HCC is sup-
plied almost entirely by the hepatic arteries. RFA is
more elTective after blocking hepatic arterial blood
Now.’

However. distant recurrence rates remain high. To
improve the prognosis of HCC patients, it is thus
importan! to determine the factors that influence dis-
tant recurrence, and 1o control distant recurrence.

The number of HCV-related HCC has increased in
recent years. In Japan, frequency of patients with
HCV-related HCC was 72%, which was much higher
than HBV-related HCC (179%)." In laly, the rate of
HCV-related HCC is almost the same level.” In the Uni-
ted States, the rate of HCV-related HCC is increasing.'”
In Asian countries, HBV-related HCC are still domi-
nant; however, universal vaccination at hirth for HBV
has been shown 1o be highly effective in reducing car-
rier rates in children as well as the incidence of
chronic liver disease including HCC.'' HCV-related
HCC is anracting attention all over the world; there-
fore, this study focuses on HCV patients.

Ihe purpose of this study was to analyse the clinical
clfects of transcatheter chemoembolization and RFA
combination therapy in HCC, and to determine the
predictive factors for distant recurrence of HCV-related
Hee

METHODS

Patients

One hundred and seventeen patients with initial HCC,
who underwent RFA afier transcatheter chemoemboli-
cation for treatment of HCC between April 2000 and
September 2006, were included in this study. The fol-
lowing criteria were adopied for our investigation: sin-
gle nodule of 5 cm or smaller in diameter or up 1o
three nodules each 3 cm or smaller, Child-Pugh A and
B, and absence of extrahepatic metastasis. Patient
background data are summarized in Table 1. Patients
were diagnosed as having hypervascular HCC and were
admitted to the Department ol Gastroenterology, Mie
University Hospital. Among the 117 patients, there
were 80 men and 37 women, with a mean age of
67.4 years. All patients were anti-HCV antibody posi-
tive, With regard to Child-Pugh classification, 93 (79%)
patients were class A and 24 (21%) were class B.
Diagnosis of HCC was primarily esiablished based
on radiological hndings and elevated values of tumour
markers. Biopsy was not performed if ultrasonography,
computed tomography [(CT), and CT during hepatic
arteriography (CTHA) and arterial portograpy (CTAP)
were all indicative of HCC, and il alpha-fetoprotein
[AFP) ar des-gamma-carboxyprothrombin (DCP) levels
were elevated. A total of 161 nedules were found in
this study: 80 patients had a single HCC nodule. 30
had two nodules and seven had three. The mean maxi-
mum tumour diameter was 24.2 mm, and the mean
follow-up period was 29.1 months (3.9-72.8 months),

Chemoembolization

All patients  underwent chemoembolization prior 10
RFA. Aller covliae, superior mesenferic and hepatic

Table 1. Patient charcicristics

Total patients 117

Male/female BOS37
Mean age (year) 67.4 (43-87)
Child-Pugh grade

A 93 (799%)

B 24 (21%)
Mrean maximum wmour siee fmm) 24.2 (10-50)
Numher of tumnour nodule

Uninodular 80 (68%)

Multinodular 17 (32%)

Mean follow-up perind (month] 29,1 (1.9-72.8)
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arteriography. a 3F micro-catheter (Micro  Pheret;
William Cook Europe, Bjacvevskov, Denmark) was
advanced into the arteries supplying each tumour.
The hepatic arteries were embolized with  gelatin

sponge  particles  (Spongel;  Yamanouchi, Tokyo,
Japan) after a mixture of 2-8 mL iodized oil
[Lipiodol  Ultra-Fluid; Mitsui, Tokyo, Japan] and

40 mg ol cepirubicin  hydrochloride  (Farmorubicin;
Kyowa Hakke. Tokyo, Japan] was injected into the
arteries.

Radiofrequency ablation

Because the gelatin sponge remains in the tumour for
2-3 weeks after chemoembolization,'” RFA was gener-
ally performed within 2 weeks of chemoembolization.

Radiofrequency ablation was performed using a 17-
gage straight elecirode with a 2- or 3-cm exposed tip
(Cool-tip single needle; Radionics, Burlington, MA,
USA) connected to an RF generator (Cool-tip RF gen-
crator, Radionics). Patients received 0.1 mg of fentanyl
citrate (Fentanest; Sankyo, Tokyo, Japan) Intrave-
nously before RFA for analgesia, and antibiotics (cef-
operazone sodium and SBT, Sulperazon; Phzer, Tokyo,
Japan) were administered before and for 2-3 days
after RFA.

Alier local anesthesia, the RF electrode was inserted
into the tumour under real time CT-fluoroscopic guid-
ance. Under Cl-fluoroscopy, bubble formation in the
tumour does not prevent additional electrode insertion
into the tumour and accumulation of iodized-oil in
the tumour ensures that the electrode is precisely
inserted into the tumour. Plural electrodes could be
placed in the umour depending on the size and shape,
and the RF generator was then activated al each
tumour site. We finished an ablation session within an
hour. When ablation was not enough, the second abla-
tion session was performed next week after the initial
ablation. The endpoint of RFA was the presence of a
well-defined area of non-enhancing tissue comprising
the treated rumour with a tumour-free margin of at
least 5 mm in the arterial and portal phases on
enhanced CT imaging.

Therapeutie effects and diagnosis of recurrence

Contrast-enhanced CT was performed to evaluate local
therapeutic effecis 1 week after RFA. Subsequently,
contrast-enhanced CT was performed every 3 months.
In this study, eight cases were administered anti-viral

08 Tre Anne, Alinent Pharrmorol Ther 27, 12531260
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therapy  with interferon after RFA and HCV  dis-
appeared  in three  patients.  Ursodeoxycholic  acid
600 mg/day. was administered  for most  patients.
Local recurrence of HCC was defined as development
of an enhanced area on CI adjacent to  treated
tumour.  Distant  recurrence was  defined  as  the
appearance of new tumours at an intrahepatic site
distant from the treated tumours. When recurrence
was suspected, angiography together with CTAP and
CTHA was performed.

Predictive factors for cumulative distant
recurrence of HCV-related HCC

Predictive factors for cumulative distant recurrence of
HCV-related HCC were evaluated. Thirteen clinical and
tumour factors Investigated were; age, gender, tumour
size. number of nodules, Child-Pugh grade, platelet
counts (PIt), secrum albumin [Alb), total bilirubin
(T-Bil), aspartate aminotransferase [AST), alanine
aminotransferase (ALT), AFP. DCP levels and pro-
thrombin time (PT).

Statistical analysis

Unpaired Student’s r-test was used to compare aver-
ages between groups, and the chi-square test and
Fisher's exact probability test were used to compare
independence. Survival and  recurrence rates  were
computed using Kaplan-Meier estimates, and the
Kaplan-Mcier method and log-rank test were used 1o
analyse predictive factors for distant recurrence of
HCC. In addition 1o age, gender, tumour size, tumour
number, and variables that achieved statistical signi-
ficance (P < 0.05) in univariate analysis were subse-
quently assessed by multivanate analysis using a Cox
proportional hazards model. A P-value of <0.05 was
considered  statistically  significant.  Analyses  were
performed using the StatView statistics package (SAS
Institute, Cary, NC, USA).

RESULTS

Survival rate after initial RFA

The overall survival rates after initial RFA were
98.200 and 64.7% at | and 5 years, respectively (Fig-
ure la). In the Child-A patients, survival rates were
100% and 86.7%W and 4 years, respectively,
whereas in the Child-B pamiems, survival rates were

al 1
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Figure 1, Overall survival rites after initial RFA and chemoembalization. Survival rates were 98.2%. 88.5% and 64.7% at
1. 3, and 5 years, respectively (al, In Child-A patients, survival fates were 100%, 94.8% and 86.79 at 1, 3, and 3 years,
respectively (b). In Child-B patients, survival rates were 91:59%, 66.49 and 45.5% at 1, 3, and 4 years, respectively (b, RFA,

radiofrequency ablation.

91.5% and 45.4% at | and 4 years, respectively (Fig-
ure 1b), with significant differences between the two
groups.

Recurrence rate after initial RFA

Among 117 patients of this study, local recurrence
was seen in two patients during the follow-up period.
Locally recurrent tumours were freated by chemo-
embolization followed by RFA. The overall local recur-
rence rate was 2.4% at 6 years (Figure 2a). The overall
distant recurrence rates were 17.1% and 76.9% at |
and 5 years, respectively. (Figure 2b).

Background data of patients with recurrence of
HCV-related HCC

Among the 117 patients of this study, distant recur-
renwe of HCC in the remnant liver after complete
coagulation was observed in 45 patients during the
follow-up periods, Table 2 shows a comparison ol
bascline data before any therapy between patiems
with and without recurrence. No statistically signifi-
cant dilferences were seen in age, gender, maximum
wmour size, number ol wmours, Child-Pugh grade,
[-Bil, ALT, AFP, DCP and P levels.
Serum  Alb level was significantly lower and  ASI

P, serum

level was significamly higher in  the
group (P’ < 0.01).

recurrenee

Therapy of patients with distant recurrence

On initial REA, 79% of patients were Child A, though on
recurrence, ratio of Child A was 65%. Six patients of
Child A on initial RFA progressed 1o Child B on
recurrence. Chemoembolization followed by RFA was
performed again for 34 (79%)] patients with distant
recurrence, but eight were treated with palliative meth-
ods: four (9%) by transcatheter chemoembolization
alone and Tour (99%) by continuous arterial infusion
chemotherapy through a subcutaneously implanted port.

Predictive factors for cumulative distant
recurrence

lable 3 shows the predictive factors for cumulative
distant  recurrence  aceording to the Kaplan-Mcier
method in HCV patients. Significantly higher recur-
rence rates were seen in cases with low Alb levels,
high AST levels, high ALT levels, high AFP levels and
low I'It in monovariale analysis.

The predictive [actors lor cumulative distant recur-
rence afier initial REA according to Cox proportional
hazard regression are low Alb Jevels and high ASI1
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Figure 2. Local recurrence rnmi-m-md distant recurrence rates (b} after initial RFA and chemoembolization. Local
recurTenice rates were 2.4% at § years. Distant recurrence mfes were 17,196, 55.4% and 76.9% at 1, 3, and 5 years, respec-

tively. RFA, radiofiequency ablation:

Table 2. Comparisan of patients with and without distant
recurence _

Table 3. Predictive factars for distant recurrence (mono-
varfate analysis]

Recurrence  No recurrence

[n = 45) {n=172
Age (year) 66,5 67.9
Gender (males/female) 32713 48/24
Maximum tumour size {(mm] 245 240
Number of tumour nodule 1.49 1.30

Uninodul Iinodular 28/17 52/20

Child-Pugh (A/B) 14711 59/11
Pli (x 10/ ul) 9.27 12.04
Alb [g/dL) 118 166
T-Bil (mg/dL) 0.85 0.64
AST (/L) B2.6 4.5
ALT (U] 75.6 57.0
FT (%) 82.4 Bd4
AFP (ng/ml) 175.5 105.6
DCP (mALl/ml) 203.5 1715

Pli. plateler counts; Alb, albumin levels: T-Bil, 1otal biliru-
hin: AST, aspariate aminotransferase levels; ALT, alanine

aminntransferase levels; AFP, alpha-fetoprotein levels; PT,
prothrombin time; DCP, des-gamma-carboxyprothrombin,
* P00l

levels (Table 4). In patients with high AST levels
(=60 1U/L) and low Alb levels (<35 mg/dl), recur-
rence rates al 3 years were 74.8% and 79.2%, respec-
tively (Figure 3).
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Factors P-value
Age [year] »70 0.61
Male 0.26
Tumour size >30 mm 0.85
Multinodular 0.10
Alb <15 g/dL 0.0050
T-Bil =1.0 mg/dL 0.61
AST »60 UL =0.0001
ALT »60 1L/L 0.011
Plt <10 % 10*/ 4l 0.0027
PT «B00% 0.27
AFP >20 ng/ml. 0.27
>50 ng/ml. 0.034
DCP »>40 mAlU/mL 0.51
=100 mAL/ml 0.052

Pit, plateler counts; Al albumin levels; T-Bil, total biliru-
bin; AST, asparmate aminotransferase levels; ALT, alanine

aminatransferase levels; ATP, alpha-feroprotein levels; FT,
prothrombin time: DCP. des-gamma-carboxyprothrombin.

DISCUSSION

In patients with HCV, especially with cirrhosis, HCC
recurs even though local control is achieved. With
regard to treatment of HCC, it is important to balance
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Table 4. Predictive factors for distant recurrence (multi-
variate analysis)

Faciors Relarive risk  95% (.1 P-value
Male 1617 0.670-1.900 0.2847
Age =70 1.354 0.601-1.018 04625
Tumour size =30 mm 0753 0.3111-1.825 0.5295
Multinodular 1.524 0746-1.112 02479
Alb <3.5 g/dl. 2.251 1.005-5.042 0.0485
AST =60 UL 4.3118 1918-9.721 0.0004
T-Bil = 1.0 mg/dL 0.553 0.234-1309 0.1778
Plt <10 x 10/l 2001 0941-4.249 0.0958
PT «708% 1.459 0.463-4.594 05185
AFF >50 ng/mL 1.751 0.880-1.479 0.0862

Plt, platelet counts; Alb, albumin levels; T-Bil, total bilin-
hin; AST, aspartate aminotransferase levels: AFP, alpha-feto-
protein levels; PT, prothrombin time.

tumour curability with preservation of liver function.
The treatment method, which has good local control
rates and small derrimental effects on liver [unction,
should be selected for initial HCC. In recent years, RFA
has been conducted as a local treatment for HCC, and
has allowed fine local control.” Next problem to solve
regarding HCC treatment, is how to control distant
recurrence. Thus, determining the predictive factors for

Distant recurrence rates (%)
8

4
20 o
T 30.4%

T 13a%
7%

O 10 20 3 40 50 60
Months after initial RFA
—— AST > 60 UL

distant recurrence can assist in identifying. treating
and possibly preventing HCC  recurrence i HCV
patients. In this study, we analysed the distant recur-
rence of HCC after RFA in patients of HCV-related
HEC.

The 1- and 2-year local recurrence rates of HCC
have been reported 1w be 1.3-18% and 2.4-37%,
respectively, after RF alone,™ " '* and 3.4-17% and
7.1-38%, respectively, after PEIT.™ Y17 In this
study, local recurrence rates were 2.4% at 5 years.
Recent studies reported insufficient ablative margin
and large tumour (>30 mm) were the risk factors of
local recurrence.'’ Considering 17% of patients in this
study had HCC nodules larger than 30 mm, the local
recurrence rates in this study were better than those
reported previously. An ablated margin of 5 mm con-
tributed 10 achieving local control. The combination of
chemoembaolization and RFA, and the use of real-rime
CI guidance also contributed to good local control.
Decreased flow af blood enlarges the size of the necro-
tic area in RFA. and chemoembolization itsell’ has an
anticancer effect on HCC nodules.” '™ Real-time CT
guidance is very useful for ensuring precise position-
ing of electrode insertion into the HCC nodules even if
the lesion is located in the subcapsular or subphrenic
region, and is thus useful for obtaining sufficient
ablated margins.’

®)4 00
79.2%
80 |
60 gord
40 o
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Figure 3. Cumulative distant recurrence rates based on (a) serum AST levels or (b) serum albumin levels, Three-year recur-
rence rates for patients with serum AST of 60 IU/L and <60 TU/L were 74.8% and 10.4%, respectively. Three-year recur-
rence rates for patients with serum albumin of 23,5 mg/dl and <3.5 mg/dL were 30.7% and 7920, respectively, AST,

aspartate aminotransferase levels.
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Despite good control of treated lesions, new tumours
frequently occur in the untreated liver, resulting in
high distant recurrence rates. Previous studies have
reported distant recurrence rates of 18.7-22.5%, 62.1-
67% and 81-81.7% at 1, 3 and 5 years, respectively,
after PEIT,'"™ "' 3800 and 60% at 1 and 2 years,
respectively, after RFA,' and 18% and 52% a1 1 and
2 years, respectively, after RFA or microwave coagula-
tion therapy.”” In this study, distant recurrence
occurred ar 17.1%, 554% and 76.9% at 1, 3 and
5 years, respectively, which were comparable to those
reporied previously.

Factors affecting distant recurrence of HCC after
PEIT reportedly include tumour size, nodule number,
serum AFP level,' serum DCP level,' and indocya-
nine green retention rate at 15 min.'" Meanwhile, risk
Iactars for lumour recurrence after curative resection
reportedly include not only tumour-related factors,
such as nodule number and histological classifica-
tion,"' but also liver-related factors, such as serum
ALT and serum Alb.”™ ** After RFA, age” and nodule
number'® reportedly affected the distant recurrence.
Another study reported that HCV infection and multi-
nodularity were risk factors for distant recurrence.”
However, few reports have suggested that stage of
chronic liver disease affects recurrence.’’ In this study,
low Alb (<3.5 mg/dL), high AST (>60 IU/L), high ALT
(=60 1U/L), low Pl [<10x 10 and high AFP
(>50 ng/mL) were predictive factors for distant recur-
rence on univariate analysis. However, multivariate
analysis demonstrated that low Alb and high AST were
independent predictive factors for cumulative distant
recurrence, Thus, the state of the underlying liver has

1259

a greater influence on distant recurrence of HCC after
RFA than rumour-related factors. Active inflammation
in the non-lumorous area and impairment of liver
function are associated with distant recurrence. We
usually regard HCV patients with active hepatitis or
cirrhosis as the high risk group for HCC occurrence
and follow-up with close observation for biochemical
studies, tumour markers and image studies. A high risk
group of carcinogenesis has also higher possibility of
recurrence of HCV-related HCC. Chemoembolization
followed by RFA is apparently a good therapeutic
modality to the point that tumour-related lactors have
little influence on distant recurrence,

In this study, overall survival rates after initial REA
were 98.20% and 64.7% at | and 5 years respectively.
which are as good as or better than previous
reponts.'™ ** In this study, afier initial RFA, when
recurrence occurred, 21% of distant recurrent tumours
could not be treated by RFA, and such patients should
be considered for liver transplantation.

In conclusion, chemoembolization followed by RFA
is & good treatment for HCV-related 1HCC, but patients
with abnormal AST levels and low Alb levels comprise
a high-risk group for distant recurrence after RFA.
Thus, tight follow-up with biochemical observation,
tumour marker analysis and imaging studies are all
essential for such patients. Furthermore, there is a
pressing need 1o establish a strategy for preventing
distant recurrence after RFA.
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