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Multiplication of alpha-fetoprotein and protein induced by
vitamin K absence-ll is a powerful predictor of prognosis
and recurrence in hepatocellular carcinoma patients after

a hepatectomy
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Aim: To evaluate the oncological implications of multiplica-
tion of o-fetoprotein (AFP) and protein induced by vitamin K
absence or antagonists-ll (PIVKA-II) in patients with hepato-
cellular carcinoma (HCC).

Methods: Data were prospectively collected from 516 con-
secutive patients who underwent a curative primary hepatec-
tomy for HCC between 1998 and 2010. The AP-factor
(AFP x PIVKA-Il) was evaluated in relation to 2-year survival
outcomes by receiver—operator curve analysis to determine
the cut-off values. Patient survival, recurrence-free survival
and risk factors were analyzed in accordance with the preop-
erative AP-factor.

Results: The AP-factor was categorized into three groups
depending on the serum concentrations of AFP and PIVKA-II
as follows: AP1 (n=206; AFP <200 ng/mL and PIVKA-
Il < 100 mAU/mL), AP2 (n = 152; AFP x PIVKA-Il < 10%) and AP3
(n = 158; AFP x PIVKA-Il = 10%). The AP-factor was found to be
significantly related to pathological factors such as differen-

tiation, portal vein invasion, hepatic vein invasion and intra-
hepatic metastasis. Multivariate analysis was performed to
identify the risk factors for survival and recurrence. Albumin,
AP-factor and pathological factors including portal vein inva-
sion, hepatic vein invasion and intrahepatic metastasis are
independent risk factors for survival. Tumor number,
AP-factor, and a non-cancerous liver were determinants of
recurrence.

Conclusion: The AP-factor is closely related to differentia-
tion and microscopic vascular invasion, and was selected by
multivariate analysis as an independent factor for survival and
recurrence, in HCC. Patients hopeful of obtaining good out-
comes after a hepatectomy could be selected by the
AP-factor evaluation.

Key words: alpha-fetoprotein, hepatocellular carcinoma,
hepatectomy, protein induced by vitamin K absence or
antagonists-ll, prognosis, recurrence

INTRODUCTION

IVER RESECTION HAS the highest capacity for local
control of hepatocellular carcinoma (HCC) among
all local treatment options and results in a good survival
rate.! However, the recurrence rates of HCC continue to
remain high even after curative hepatectomy.? Many
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factors related to the prognosis and recurrence of HCC
have been reported with vascular invasion to the portal
and/or hepatic vein identified as the most important
factor that influences the outcome of hepatic resection.?
Macroscopic vascular invasion is detectable by ultraso-
nography (US), computed tomography (CT) and mag-
netic resonance imaging (MRI). However, microscopic
invasion can only be detected by performing a
pathological examination just after hepatectomy and
cannot be diagnosed preoperatively. Although tumor
differentiation is reported to be an independent predic-
tor of a poor outcome,? it also cannot be evaluated
preoperatively. Hence, the serum levels of o-fetoprotein
(AFP) and protein induced by vitamin K absence or
antagonism factor-1I (PIVKA-II), and the HCC tumor
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size and number are regarded as surrogate markers of
microvascular invasion and tumor differentiation.>®

o-Fetoprotein and PIVKA-II have shown utility as
tumor markers of HCC and are associated with a poor
prognosis after hepatectomy.” AFP is related to tumor
differentiation,® whereas PIVKA-II is related to vascular
invasion.’ Individually, the presence of these tumor
markers has less serious implications than microvascu-
lar invasion,® the latter being the most influential deter-
minant of recurrence and survival in HCC patients
undergoing a hepatectomy.'! However, the oncological
implications of determining a numerical value that
would account for interaction of both AFP and PIVKA-II,
namely, multiplication of the serum levels of AFP and
PIVKA-II, have not yet been evaluated.

To further identify factors related to the prognosis and
recurrence of HCC, we herein analyze the survival and
recurrence outcomes in 516 consecutive patients who
underwent a primary curative hepatectomy for HCC at
our center. Specifically, we seek to evaluate the onco-
logical implications of numerically determining the
serum levels of AFP and PIVKA-IL

METHODS

Patients

ETWEEN JANUARY 1998 and December 2010, 516

consecutive adult patients underwent a hepatec-
tomy for HCC at our center. The remaining patients
were classified according to their preoperative serum
levels of AFP and PIVKA-II. The mean age of these
patients was 61.8 years and the age range was
18-88 years. Of the 516 HCC patients, 425 (82.4%)
were male, 222 (43.0%) were hepatitis B virus surface
antigen positive, 189 (36.6%) were hepatitis C virus
antibody positive and 178 (34.5%) had cirrhosis. The
preoperative serum AFP and PIVKA-II levels were simul-
taneously measured using standard methods at least
2 weeks before hepatectomy, when imaging studies
were also performed. AFP was measured using an
immune enzymometric assay with a commercially avail-
able kit (ST AIA-PACK AFP; TOSOH, Tokyo, Japan).
PIVKA-II was measured by chemiluminescent immuno-
assay using a sensitive des-y-carboxyprothrombin
(DCP) antibody (Picolumi PIVKA-II; Eisai, Tokyo,
Japan).

The patient subjects were divided into three groups
according to their AFP levels (AFP low, <200 ng/mL;
AFP mid, 200-1000 ng/mL; and AFP high: >1000 ng/
mL). The patients were also divided into three groups
according to their PIVKA-II levels (PII low, <100 mAU/
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mL; PII mid, 100-1000 mAU/mL; and PII high,
>1000 mAU/mL). We evaluated multiplication of AFP
and PIVKA-II to build a model that incorporates inter-
action effects of covariates of these two tumor markers
in multivariate analysis of the Cox proportional hazards
model. We evaluated the AP-factor, which was a tumor-
related factor, the same as microvascular invasion, based
on 2-year survival outcome, because the importance of
microvascular invasion in regard to tumor recurrence
and early death within 2 years after liver resection was
reported in patients with small HCC.'*"* Receiver—
operator curve (ROC) analysis of the AP-factor (a
product of the serum levels of AFP and PIVKA-II), AFP
and PIVKA-II to evaluate the cut-off values for 2-year
survival confirmed that the area under the curve (AUC)
of the AP-factor (AUC = 0.74607) is significantly higher
than that of AFP (AUC=0.69804, P=0.0271) and
PIVKA-II (AUC=0.69130, P=0.0065) (Fig.1). The
patients were then classified into three groups in accor-
dance with an AP-factor cut-off value of 10° (AUC=
0.74607, sensitivity = 63.27%  specificity = 77.41%)
as follows: APl (AFP<200ng/mlL and PIVKA-
Il < 100 mAU/mL), AP2 (AFP x PIVKA-Il < 10°) and
AP3 (AFP x PIVKA-II > 10°). AP1 (AFP < 200 ng/mL and
PIVKA-II < 100 mAU/mL) was set accordingly because
the 5-year patient survival (PS) rates for AFP low
(AFP < 200 ng/mL) and PII low (PIVKA-II < 100 mAU/
mL) were 76.4% and 81.3% and significantly higher
than the other groups. The clinicopathological charac-
teristics of these groups are summarized in Table 1.
Among the 516 HCC patients in our cohort, 499
(96.7%) were categorized as Child-Pugh class A.
These patients were followed up for a median of
107.7 months (range, 24.7-185.0). All the analyses in
this study were performed in accordance with the ethical
guidelines of Hokkaido University Hospital. This study
was approved by the institutional review board of Hok-
kaido University.

Hepatectomy

Anatomical resection is defined as a resection in which
lesion(s) are completely removed anatomically on the
basis of Couinaud’s classification (segmentectomy,
sectionectomy and hemihepatectomy or extended
hemihepatectomy) in patients with sufficient functional
reserve. Non-anatomical partial but complete resection
was achieved in our HCC patients. In all patients, RO
resections were performed, and the resection surface was
found to be histologically free of HCC. An indocyanine
green retention rate at 15 min (ICG-R15) was measured
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Figure 1 (a) The AP-factor ~ a product of the serum levels of
AFP and PIVKA-IT - was evaluated with respect to 2-year survival
outcomes by ROC analysis which determined a cut-off value
of 10° (AUC=0.74607, sensitivity =63.27% specificity =
77.41%). (b) ROC analysis of the AP-factor and AFP to evaluate
the cut-off values for 2-year survival confirmed that the AUC of
the AP-factor (AUC=0.74607) is significantly higher than
that of AFP (AUC = 0.69804, P=0.0271). {c) ROC analysis of
the AP-factor and PIVKA-II to evaluate the cut-off values for
2-year survival confirmed that the AUC of the AP-factor
(AUC = 0.74607) is significantly higher than that of PIVKA-II
(AUC =0.69130, P=0.0065). AFP, o-fetoprotein; AUC, area
under the curve; PIVKA-II, protein induced by vitamin K
absence or antagonist-II; ROC, receiver-operator curve.

o
<%

for the evaluation of the liver function reserve, regard-
less of the presence or absence of cirrhosis.

HCC recurrence

For the first 2 years after hepatectomy, the patients
underwent follow-up evaluations every 3 months com-
prising liver function tests, measurements of the tumor
marker AFP and PIVKA-II, US and dynamic CT. After
2 years, routine CI' was performed once in every
4 months. If recurrence was suspected, CT and MRI were
performed, with CT during angiography and bone scin-
tigraphy also performed if necessary. This enabled the
precise diagnoses of the site, number, size and extent of
invasiveness of the recurrent HCC lesions.

Statistical analysis

Patient survival and recurrence-free survival (RFS) rates
were determined using the Kaplan-Meier method and
compared between groups by the log-rank test. Univari-
ate analysis of variables was also performed, but only
significant variables were analyzed using the Cox pro-
portional hazard model for multivariate analysis. Statis-
tical analyses were performed by using standard tests
(y*-test, Student's t-test) where appropriate. Significance
was defined by P-values of less than 0.05. Statistical
ROC analyses were performed using JMP version 10 for
Windows (SAS Institute, Cary, NC, USA).

RESULTS
Clinicopathological characteristics and
operative variables for the HCC patients

ATIENT CHARACTERISTICS, TUMOR-RELATED
factors and perioperative outcomes are listed in
Table 1. In the AP1, AP2 and AP3 groups, there were

© 2014 The Japan Society of Hepatology
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Table 1 Clinicopathological characteristics of HCC patients classified according to AP-factor level

AP-factor P
AP1 AP2 AP3
n=206 n=152 n=158

Sex Male 177 121 127 0.2209
Female 29 31 31

Age (years) <60 75 63 72 0.2060
260 131 89 86

HBsAg Positive 72 82 68 0.0047
Negative 134 76 84

HCV Positive 94 47 48 0.0024
Negative 112 111 104

Albumin (g/dL) <4 75 57 73 0.1334
24 131 95 85

Total bilirubin (mg/dL) <0.8 93 66 85 0.0740
20.8 113 86 73

ICG-R15 (%) <15 93 92 98 0.0014
215 113 60 60

Tumor number 1 152 105 83 <0.0001
2/3 50 33 45
24 4 14 30

Tumor size (cm) <2 44 17 4 <0.0001
3-4 128 71 43
25 34 64 111

Macroscopic vascular invasion Absent 196 136 110 <0.0001
(portal vein, hepatic vein) Present 10 16 48

Anatormical resection Yes 124 120 136 <0.0001
No 82 32 22

Differentiation Well 27 11 4 <0.0001
Moderate 132 89 62
Poor 40 49 92
Unknown 7 3 0

Microscopic portal vein invasion Absent 188 81 114 <0.0001
Present 18 71 44

Microscopic hepatic vein invasion Absent 201 139 127 <0.0001
Present 5 13 31

Microscopic intrahepatic metastasis Absent 162 103 78 <0.0001
Present 44 49 80

Non-cancerous liver Cirrhosis 83 46 49 0.0775
Non-cirthosis 123 106 109

AP-factor - a product of the serum levels of AFP and PIVKA-II - was evaluated for 2-year survival by ROC analysis which determined a
cut-off value for the AP-factor of 10°. The HCC patients were classified into three groups accordingly: AP1 (AFP < 200 ng/mL and
PIVKA-II < 100 mAU/mL), AP2 (AFP x PIVKA-II < 10°) and AP3 (AFP x PIVKA-II 2 10%).

AFP, a-fetoprotein; HBsAg, hepatitis B virus s antigen; HCV; anti-hepatitis C virus antibody; ICG-R15, indocyanine green retention rate
at 15 min; PIVKA-II, protein induced by vitamin K absence or antagonism factor-1L

significant differences found in a number of variables
including ICG-R15, tumor number, tumor size, macro-
scopic vascular invasion, anatomical resection, differen-
tiation, microscopic portal vein invasion, microscopic
hepatic vein invasion and microscopic intrahepatic

© 2014 The Japan Society of Hepatology

metastasis. The P-values of the AP-factor for differentia-
tion, microvascular portal invasion, microvascular
hepatic vein invasion and intrahepatic metastasis were
lower than or equal to those for AFP and PIVKA-II
individually.
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PS and RFS outcomes

The PS rates for the AP1, AP2 and AP3 groups at 5 years
were 82.7%, 78.8% and 41.3%, respectively. The PS of
the AP1 and AP2 patients was significantly higher than
that of the AP3 cases (P < 0.0001 and <0.0001, respec-
tively; Fig. 2a). The RI'S outcomes for the AP1, AP2 and
AP3 groups at 5 years were 34.0%, 40.7% and 17.1%,
respectively. The REFS of AP3 was significantly lower than
that of either AP1 or AP2 (P<0.0001 and <0.0001,
respectively; Fig. 2b).

. SRA 2%

Patients survival
i
o
1

0 2 4 6 8 10 12 14 16

Recurrence-free survival

Years

Figure 2 (a) Patient survival in accordance with the AP-factor
classification. The PS rate for the AP1 group was significantly
higher than those of the AP2 and AP3 groups (both
P <0.0001). (b) Patient recurrence-free in accordance with the
AP-factor dassification. The RFS rate of the AP3 group was
significantly lower than that of the AP1 and AP2 patients (both
P <0.0001). ¥, AP1 (n=206); 5, AP2 (n = 152); v, AP3
(n=158). PS, patient survival; RFS, recurrence-free survival.
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Causes of death

There were 209 deaths among our 516 HCC patients
(40.5%) due to HCC recurrence (n = 164; 78.5%), liver
failure (n=17; 8.1%) and other causes (n = 28; 13.4%).

Recurrent sites of HCC during follow up

Of the 139 cases of HCC recurrence in group AP1, 112
patients (80.6%) had a recurrence only in the liver and
27 (19.4%) in extrahepatic sites, including or excluding
the liver. Of the 94 cases of recurrence in group AP2, 68
(72.3%) had recurrence only in the liver and 26
(27.7%) in extrahepatic sites, including or excluding the
liver. Of the 122 cases of recurrence in group AP3, 63
(51.6%) had recurrence only in the liver and 59
(48.4%) in extrahepatic sites, including or excluding the
liver. Importantly, recurrence in AP1 patients tended to
occur only in the liver, whereas in AP3 patients it tended
to occur in extrahepatic sites, including or excluding the
liver (P < 0.0001).

Univariate and multivariate analyses of
overall survival and RFS

When univariate analysis was performed to identify sur-
vival factors, serum albumin levels, tumor number,
tumor size, macroscopic vascular invasion, AFP, PIVKA-
1, AP-factor, differentiation, microscopic portal vein
invasion, microscopic hepatic vein invasion and micro-
scopic intrahepatic metastasis were found to be signifi-
cant risk factors for survival outcomes (Table 2). When
univariate analysis was also performed to identify the
risk factors for recurrence, the serum albumin level,
ICG-R15, tumor number, tumor size, Macroscopic vas-
cular invasion, AFP, PIVKA-II, AP-factor, differentiation,
microscopic portal vein invasion, microscopic hepatic
vein invasion, microscopic intrahepatic metastasis and a
non-cancerous liver were identified as significant risk
factors (Table 2).

The significant factors identified by univariate analysis
for survival and HCC recurrence were included in mul-
tivariate analysis which showed that serum albumin
levels (P = 0.0056), AP-factor (P = 0.0062), microscopic
portal vein invasion (P=0.0027), microscopic hepatic
vein invasion (P=0.0056) and microscopic intrahe-
patic metastasis (P = 0.005) are independent risk factors
for survival (Table3), and that tumor number
(P < 0.0001), AP-factor (P = 0.0161) and non-cancerous
liver (P =0.012) are independent risk factors for recur-
rence (Table 3). ROC analysis of the AP-factor, AFP
and PIVKA-II to evaluate the cut-off values for 2-year
survival confirmed that the AUC of the AP-factor

© 2014 The Japan Society of Hepatology
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Table 2 Univariate analysis of predictive values (clinical and tumor-associated factors) for patient survival and recurrence free
survival

P P
n Survival Recurrence

Sex Male 425 0.5111 0.3435
Female 91

Age (years) <60 210 0.7956 0.5780
=60 306

HBsAg Positive 222 0.2211 0.2528
Negative 294

HCV Positive 189 0.7128 0.7939
Negative 327

Albumin (g/dL) <4 205 0.0001 <0.0001
>4 311

Total bilirubin (mg/dL) <0.8 264 0.6859 0.5098
20.8 252

ICG-R15 (%) <15 283 0.7407 0.0084
=15 233

Tumor number 1 340 <0.0001 <0.0001
2/3 128
=4 48

Tumor size (cm) <2 65 <0.0001 <0.0001
3-4 242
25 cm 209

Macroscopic vascular invasion Absent 442 <0.0001 <0.0001
(portal vein, hepatic vein) Present 74

Anatomical resection Yes 380 0.7212 0.0756
No 136

AFP (ng/mL) <200 376 <0.0001 0.0021
201-1000 42
>1000 98

PIVKA-IT (mAU/mL) <100 254 <0.0001 <0.0001
101-1000 111
>1000 151

AP-factor AP1 206 <0.0001 <0.0001
AP2 152
AP3 158

Differentiation Well 42 0.0021 <0.0001
Moderate 283
Poor 181
Unknown 10

Microscopic portal vein invasion Absent 379 <0.0001 <0.0001
Present 130

Microscopic hepatic vein invasion Absent 463 <0.0001 <0.0001
Present 46

Microscopic intrahepatic metastasis Absent 340 <0.0001 <0.0001
Present 170

Non-cancerous liver Cirrhosis 178 0.0656 0.0003
Non-cirthosis 338

AFP, o-fetoprotein; AP-factor, a product of the serum levels of AFP and PIVKA-II; HBsAg, hepatitis B virus s antigen; HCV, anti-hepatitis
C virus antibody; ICG-R15, indocyanine green retention rate at 15 min; PIVKA-II, protein induced by vitamin K absence or antagonism
factor IL

© 2014 The Japan Society of Hepatology
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Table 3 Multivariate analysis of values that are predictive for HCC patient survival and recurrence

P Risk ratio 95% C1
Survival

Albumin (g/dL) <4 0.0056 1.601 1.147-2.233
=4 1

Tumor number 0.1855
1 0.0681 0.613 0.363-1.037
2/3 0.2325 0.738 0.449-1.215
24 1

Tumor size (cm) 0.0776
25 0.0583 2.109 0.974-1.002
3-4 0.3458 1.422 0.974-4.567
<2 1

Macroscopic vascular invasion Absent 0.7447 0.915 0.534-1.565
Present 1

AFP (ng/ml) 0.2125
>1000 0.2414 0.700 0.385-1.272
<200 0.0812 0.582 0.316-1.069
201-1000 1

PIVKA-IT (mAU/mL) 0.3284
>1000 0.4571 0.840 0.531-1.329
<100 0.1471 0.595 0.295-1.201
99-1000 1

AP-factor 0.0062
AP1 0.0548 2.125 0.984-4.589
AP3 0.0079 2.066 1.210-3.528
AP2 1

Differentiation 0.9550
Well 0.7066 1.488 0.188-11.789
Moderate 0.6230 1.646 0.226-12.015
Poor 0.6467 1.597 0.216-11.833
Unknown 1

Microscopic portal vein invasion Absent 0.0027 0.517 0.336-0.796
Present 1

Microscopic hepatic vein invasion Absent 0.0056 0.473 0.278-0.804
Present 1

Microscopic intrahepatic metastasis Absent 0.0050 0.533 0.344-0.828
Present 1

Recurrence

Albumin (g/dL) <4 0.0667 1.239 0.985-1.557
24 1

ICG-R15 (%) <15 0.0610 0.801 0.635-1.010
215 1

Tumor number <0.0001
1 <0.0001 0.364 0.229-0.579
2/3 0.0529 0.665 0.439-1.005
4 1

Tumor size (cm) 0.1443
25 0.0616 1.498 0.981-2.287
3-4 0.3229 1.202 0.834-1.733
<2 1

Macroscopic vascular invasion Absent 0.7274 0.920 0.574-1.474
Present 1

—228—
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Table 3 Continued
P Risk ratio 95% CI

AFP (ng/mL) 0.9638
>1000 0.7967 1.069 0.645-1.772
<200 0.9361 1.021 0.621-1.676
201-1000 1

PIVKA-II (mAU/mL) 0.4997 )
>1000 0.7397 1.060 0.750-1.499
<100 0.3008 0.766 0.463~1.269
101-1000 1

AP-factor 0.0161
AP1 0.0431 1.731 1.017-2.947
AP3 0.0553 1.474 0.991-2.191
AP2 1

Differentiation 0.0760
Well 0.2922 2.184 0.510-9.348
Moderate 0.1192 3.050 0.750-12.404
Poor 0.0768 3.577 0.872-14.675
Unknown 1

Microscopic portal vein invasion Absent 0.0561 0.716 0.508~-1.009
Present 1

Microscopic hepatic vein invasion Absent 0.2297 0.749 0.468-1.200
Present 1

Microscopic intrahepatic metastasis Absent 0.2509 0.832 0.608-1.139
Present 1

Non-cancerous liver Cirthosis 0.0120 1.356 1.069-1.720

Non-cirrhosis

1

AFP, o-fetoprotein; AP-factor, a product of the serum levels of AFP and PIVKA-IT; CI, confidence interval; HBsAg, hepatitis B virus s
antigen; HCV, anti-hepatitis C virus antibody; ICG-R15, indocyanine green retention rate at 15 min; PIVKA-II, protein induced by

vitamin K absence or antagonism factor-IL.

(AUC=0.74607) is significantly higher than that
of AFP (AUC=0.69804, P=0.0271) and PIVKA-II
(AUC =0.69130, P=0.0065).

DISCUSSION

N OUR PRESENT study, the AP-factor was found to

be closely related to both tumor differentiation and
vascular invasion and was also identified as an indepen-
dent factor related to PS and RFS outcomes with a
P-value lower or equal to that of microscopic portal
invasion, although AFP and PIVKA-II were not found to
be independent survival factors. ROC analysis to evalu-
ate 2-year survival in our HCC patient subjects who had
received a hepatectomy confirmed that the AP-factor is a
significantly superior indicator compared with AFP and
PIVKA-IL. Hence, the AP-factor is suggested to be a more
reliable marker than other well-known indicators
including AFP, PIVKA-II and micoscopic portal inva-
sion for the accurate prediction of survival and recur-
rence in HCC patients after a hepatectomy.

© 2014 The Japan Society of Hepatology

Previous reports have shown that AFP is an indepen-
dent predictor of prognosis,'* even in patients who
have undergone a hepatectomy.” However, in our
present analyses when the AP-factor was simultane-
ously inputted, AFP was not found by multivariate
analysis to be an independent factor related to survival
and recurrence in HCC. Although high levels of AFP in
fully developed HCC or in the serum of the host are
associated with more aggressive behavior and increased
anaplasis,’® it has been suggested that AFP regulates
immune responses and induces either stimulatory or
inhibitory growth activity.”” On the other hand, it is
well established that the AFP levels may increase in
some patients with acute and chronic hepatitis without
HCC,™® and that the elevation of AFP levels correlates
with the inflammation of background disease and
hepatocyte regeneration.” Hence, because AFP does
not always directly reflect tumor malignancy, its levels
did not influence survival and recurrence in HCC
cases according to multivariate analysis in our current
study.
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Protein induced by vitamin K absence or
antagonists-11 is also known as DCP. The specificity of
PIVKA-II is approximately 95%, which is higher than
that of AFP.*® Recently, a highly sensitive assay for
PIVKA-II was developed.” While sensitivity is still at
approximately 50% for most small HCC* the fre-
quency of HCC patients in our present study with a
lower than 40-mAU/mL PIVKA-II level was 36.6%. It is
reported that the elevation of PIVKA-II correlates with
the presence of vascular invasion.”” DCP is reportedly
an indicator of portal vein invasion of HCC,* as well as
an independent prognostic indictor of recurrence and
survival after hepatectomy.”'® However, in our present
study, when we simultaneously inputted the AP-factor
into our multivariate analysis, the results suggested that
PIVKA-II is not an independent factor related to survival
and recurrence. In previous studies that have assessed
the value of DCP in predicting recurrence and survival
after hepatectomy, the assays used were not highly sen-
sitive. Hence, most of the cases that tested positive in
these earlier studies had widespread or advanced HCC,
and the biological nature of PIVKA-II positivity might
have been overstated. Moreover, PIVKA-II may not
reflect all of the factors related to the malignancy of
HCC as it mainly indicates vascular invasion and not
differentiation. PIVKA-II was therefore not selected an
independent factor for HCC patient outcomes after
hepatectomy in our current study.

The AP-factor ~ a product of the serum levels of AFP
and PIVKA-II - was found in our current analyses to be
significantly associated with all of the pathological
factors tested including differentiation, microvascular
portal invasion, microvascular hepatic vein invasion
and intrahepatic metastasis (all P < 0.0001). From these
results, we revealed that the AP-factor may have a
duality in its relationship with AFP and PIVKA-IL. It was
previously reported that AFP has prognostic limitations
in the case of microvascular hepatic vein invasion,
as does PIVKA-II in the case of differentiation, in
HCC.#10%2 The AP-factor overcomes these limitations
because its P-value in relation to microvascular hepatic
vein invasion was found to be very low (P <0.0001).
Because the AP-factor may represent the dual character-
istics of both AFP and PIVKA-I], it may be a surrogate
marker of both tumor differentiation and vascular inva-
sion and more directly reflect tumor malignancy than
either AFP or PIVKA-II individually. These findings may
involve the fact that recurrence in AP1 patients tended to
occur only in the liver, whereas in AP3 patients it tended
to occur in extrahepatic sites, including or excluding the
liver. Therefore, we identified the AP-factor as an inde-
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pendent factor very closely related to survival following
microscopic vascular invasion, and closely related to
recurrence in cases of increased tumor number.

Shimada et al. have reported that the positivity of
both DCP and AFP is an independent indicator of a
poor prognosis in HCC in terms of disease-free survival
and PS. For this reason, these authors suggested that
both DCP and AFP produced by the HCC itself promote
either tumor growth or tumor metastasis in an auto-
crine and/or paracrine fashion. Kaibori et al. have also
reported that a positive status for both AFP and DCP at
recurrence is an important prognostic indicator for
HCC recurrence after hepatic resection.?® However, our
current patients were classified mainly by their AP-factor
(AFP x PIVKA-II) levels because we hypothesized that
this factor may be a surrogate marker of both tumor
differentiation and vascular invasion and will more
directly reflect tumor malignancy than either AFP or
PIVKA-II individually. Moreover, ROC analysis of 2-year
survival outcomes in our patients showed a significant
superiority of the AP-factor over AFP and PIVKA-II as a
prognostic indicator. For these reasons, the AP-factor
may be a more reliable prognostic marker of S and RFS
of patients with HCC. Moreover, the classification of
AP1, AP2 and AP3 is meaningful because it was possible
to determine that AP2 was also equal to AP1, which was
hoped to have the best outcome, and AP3 had the worst
outcome in these three groups. Kiriyama et al. reported
that triple positive tumor markers for HCC showed poor
prognosis and invasive characteristics in pathological
findings.?” However, in this paper it was described that
most of the patients in this study had less than the
minimum detectable limit for Lens culinaris agglutinin-
reactive fraction of AFP (AFP-L3). Therefore, we evalu-
ated the malignancy from AFP and PIVKA-II without
AFP-L3.

Transplantation is considered to be the treatment of
choice even for resectable small HCC in Child-Pugh
class A patients.”® Because the overall survival rates after
hepatectomy for small HCC are shown to be equal to
those after liver transplantation, hepatectomy before
transplantation should be first performed for respect-
able HCC in patients with preserved liver function.?
Moreover, because Poon et al. reported no differences in
the cumulative survival curves of patients without
microscopic venous invasion in resection and transplan-
tation groups,® it is proposed that patients without
microscopic portal invasion according to the Milan cii-
teria should first be treated by hepatectomy. On the
other hand, if HCC patients show microscopic portal
invasion, the outcomes of liver transplantations are also

© 2014 The Japan Society of Hepatology
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unfavorable® and patients who may be rendered trans-
plantable after hepatectomy may be selected. However,
microscopic portal invasion cannot be diagnosed pre-
operatively and a pathological examination is required

to

evaluate this factor. From our curmrent data, the

AP-factor was shown to be very closely related to both
tumor differentiation and vascular invasion and was
selected as an independent factor related to survival with
an equal P-value to microscopic portal invasion, and an
independent factor related to recurrence with a lower
P-value. Hence, the AP-factor is suggested to be a critical
HCC marker with an accuracy that equals microscopic
portal invasion at preoperatively predicting tumor
malignancy. Hence, HCC patients in whom the same
outcomes can be expected for hepatectomy as with
transplantation or who may be rendered transplantable
by hepatectomy could be selected by measuring their
AP-factor.
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Hydrogen sulfide augments survival signals in warm ischemia

and reperfusion of the mouse liver
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Abstract

Background and purpose Hydrogen sulfide (H,S) ame-
liorates hepatic ischemia and reperfusion injury (IRI), but
the precise mechanism remains elusive. We investigated
whether sodium hydrogen sulfide (NaHS), a soluble deriva-
tive of H,S, would ameliorate hepatic IRI, and if so, via
what mechanism.

Methods Mice were subjected to partial warm ischemia
for 75 min followed by reperfusion. Either NaHS or saline
was administered intravenously 10 min before reperfusion.
The liver and serum were collected 3, 6, and 24 h after
reperfusion.
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Results In the NaHS(—) group, severe IRI was apparent
by the ALT leakage, tissue injury score, apoptosis, lipid
peroxidation, and inflammation (higher plasma TNF-q,
IL-6, IL-1B, IFN-y, IL-23, IL-17, and CD40L), whereas
IRI was significantly ameliorated in the NaHS(+4-) group.
These effects could be explained by the augmented nuclear
translocation of Nrf2, and the resunlting up-regulation of
HO-1 and thioredoxin-1. Phosphorylation of the PDK-
1/Akt/mTOR/p70S6k axis, which is known to mediate
pro-survival and anti-apoptotic signals, was significantly
augmented in the NaHS(+4-) group, with a higher rate of
PCNA-positive cells thereafter.

Conclusion NaHS ameliorated hepatic IRI by direct and
indirect anti-oxidant activities by augmenting pro-survival,
anti-apoptotic, and anti-inflammatory signals via mecha-
nisms involving Nrf-2, and by accelerating hepatic regen-
eration via mechanisms involving Akt-p70S6k.

Keywords Hydrogen sulfide - Liver - Ischemia -
Reperfusion - Mouse

Abbreviations
ALT Alanine aminotransferase
CO Carbon monoxide

DCD Donation after cardiac death
ELISA Enzyme-linked immunosorbent assay
ER Endoplasmic reticulum
GSH Glutathione

4-HNE 4-hydroxy-2-nonenal

HO-1 Heme oxygenase 1

TRX-1 Thioredoxin-1

HPFs High-power fields

H,S Hydrogen sulfide

HSPs Heat shock proteins

IL-6 Interleukin 6
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I/R Ischemia and reperfusion

IRI Ischemia and reperfusion injury

Keap-1 Kelch-like ECH-associated protein 1

MDA Malondialdehyde

MPT Mitochondrial permeability transition

mTOR Mammalian target of rapamycin

NaHS Sodium hydrogen sulfide

NF-kappaB Nuclear factor-kappa B

Nif2 NF-E2-related factor 2

PDK-1 Phosphoinositide-dependent kinase 1

PI3K Phosphoinositide 3 kinase

PKC Protein kinase C

PNF Primary graft non-function

PVDF Polyvinylidene difluoride

p70s6k 70-kDa Ribosomal protein S6 kinase

ROS Reactive oxygen species

SDS-PAGE  Sodium dodecyl sulfate polyacrylamide gel
electrophoresis

STAT3 Signal transducer and activator of transcrip-
tion 3

TNF-ao Tumor necrosis factor a

TRX-1 Thioredoxin 1

TUNEL Terminal dUTP nick end-labeling

Introduction

Warm ischemia and reperfusion injury (IRI) is a major
obstacle to the safe utilization of donation after cardiac
death (DCD) grafts [1]. Warm ischemia causes mitochon-
drial dysfunction as well as ATP depletion and reactive
oxygen species (ROS) production (2] and the nuclear trans-
location of NF-kappaB and AP-1 [3]. These triggers dur-
ing ischemia propagate oxidative injury and expression of
inflammatory cytokines, leading to eventual apoptosis and
necrosis [1-3]. They also inhibit protein synthesis and cel-
lular proliferation [4]. Among the acute responses, Akt
plays a major role in survival, and anti-apoptotic and pro-
liferative signals, including mTOR-p70s6k, the Bcl2 fam-
ily, Cyclin D1, and STAT3 [5-7]. A clinically applicable
method to modulate these signals is needed.

Hydrogen sulfide (H,S) can facilitate the phosphorylation
of Akt and the nuclear translocation of NF-E2-related factor
2 (Nrf2) [8], leading to a reduction in IRI of the rat heart
[9], kidney [10], lung [11], small intestine [12], and liver
[13-16]. Although augmentation of the PI3K/Akt/p70S6k
cascade in the myocardium [17] and in the small intes-
tine [18] reduces IRI, the precise mechanism underlying
this reduction is not yet fully understood. We investigated
whether sodium hydrogen sulfide (NaHS), a soluble deriva-
tive of H,S [19], ameliorates hepatic IRI in mice, focusing
on the signal transduction related to acute inflammation and
resulting cellular survival/death and regeneration.

@ Springer

Materials and methods
Chemicals and reagents

All chemicals and reagents were of the highest grade com-
mercially available, and purchased from Wako Pure Chemi-
cal Co., Ltd. (Osaka, Japan) unless otherwise stated. The
antibodies used in this study were purchased from Cell
Signaling Technology (Beverly, MA) unless otherwise
stated.

Animals

This study was conducted with the approval of the Hok-
kaido University Committee for the Care and Use of Labo-
ratory Animals. Male C57BL/6J mice, 10-12 weeks of age
and weighing 25-30 g, were purchased from Sankyo Labo
Service Corporation Inc. (Tokyo, Japan). The raising condi-
tions, including chow, were as previously described [20].

Partial hepatic warm ischemia and reperfusion (I/R)

After overnight fasting, the animals were anesthetized by
inhalation of isoflurane. The median and left lateral portal
branches were clamped by an atraumatic aneurysm clip as
previously described [21]. After closure of the abdomen,
the animals were allowed to remain awake during ischemia.
After 75 min, the liver was reperfused by removing the
clip. The non-ischemic lobes were not resected.

Experimental protocol

The mice were divided into three groups of six animals
each. Ten min before reperfusion, either NaHS (1 mg/kg;
NaHS (+) group) or saline (NaHS (—) group) was admin-
istered intravenously. Sodium hydrogen sulfide (NaHS)
was dissolved in saline just before administration. A sham-
operated group, without vascular occlusion, was also estab-
lished (sham group). Animals were killed 3, 6, and 24 h
after reperfusion (R3, R6, and R24 h, respectively).

Sample collection

The ischemic lobes of the liver were collected and stored
at —80 °C until use, or fixed in 10 % buffered formalin and
embedded in paraffin. Plasma was also collected and stored
at —80 °C until measurement.

Histological examination
Paraffin-embedded sections of the liver at R6 h were stained

with hematoxylin and eosin. Histopathological grading
was performed by a single pathologist in a blinded manner
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according to the grading described by Suzuki et al. [22]
namely, sinusoidal congestion (0—4), vacuolization of hepat-
ocyte cytoplasm (0—4), and parenchymal necrosis (0-4).

Plasma ALT activity

Plasma ALT activity at R6 h was evaluated by a Hitachi
7020 automatic analyzer (Hitachi, Tokyo, Japan).

Inflammatory cytokines and chemokines in plasma

The plasma levels of TNF-a, IL-6, IL-18, IFN-y, IL-17,
1L.-23, and CD40L at R3 h and R6 h were measured with a
commercially available ELISA-based kit, Bioplex (Bio-Rad,
Hercules, CA). Briefly, aliquots (20 pL) of the plasma were
incubated with fluorescent-labeled antibodies and the fluo-
rescence intensity was measured and expressed in pg/ml.

Western blot analysis

We minced and homogenized 50 mg of frozen tissue from
R6 h in ice-cold lysis buffer containing Tris HCl 25 mM
(pH 7.5), NaCl 150 mM, EDTA-2Na 5 mM, NaF 10 mM,
sodium orthovanadate 10 mM, 1 % Nonidet P-40, and pro-
tease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO).
The homogenate was centrifuged at 1,000xg for 10 min
and the nuclear fraction was stored at —80 °C. The super-
natant was then centrifuged at 15,000x g for 10 min and
the resulting supernatant, being the cytosolic fraction, was
stored at —80 °C. The protein concentration was measured
using a BCA Protein Assay Kit (Thermo Scientific, Rock-
ford, IL). The proteins were denatured by boiling at 95 °C
for 5 min with an SDS sample buffer. Using Any-kD pre-
cast gel (Bio-Rad), 40 micrograms of protein was applied
to the standard SDS polyacrylamide gel electrophoresis
(SDS-PAGE). Immunoblots were performed after transfer
onto the PVDF membrane. Dilutions of 1:1000 were used
for the primary antibodies: p-PDK-1, p-Akt, p-mTOR,
p-p70s6k, cleaved caspase-3, HO-1 (Abcam, Cambridge,
UK), TRX-1, B-actin, Nrf2 (Abcam), Lamin Bl, and
GAPDH. The dilution of the horseradish peroxidase-conju-
gated anti-rabbit IgG secondary antibody was 1:5000. Pro-
tein bands were detected by a chemiluminescent detector
Chem Doc XRS® (Bio-Rad) using a chemiluminescence
reagent, West Dura (Thermo Scientific). Protein levels were
normalized by B-actin or GAPDH, and further normalized
by the average value in the sham-operated group.

Apoptotic index
Frozen sections of the ischemic lobe at R24 h were stained

by using a fluorescent TUNEL staining kit (Promega,
Madison, WI) according to the manufacturer’s instructions.

Briefly, they were fixed in 95 % ethanol and 4 % paraform-
aldehyde, rehydrated in PBS, digested with proteinase K,
washed in PBS, incubated with equilibration buffer, and
incubated with rTdT at room temperature for 1 h. The
slides were mounted with Prolong Gold anti-fade reagent
with DAPI (Molecular Probes Inc., Eugene, OR), and then
examined with a BZ-9000 fluorescence microscope (Key-
ence Japan, Osaka, Japan). The apoptotic index was calcu-
lated as the number of TUNEL-positive cells divided by the
total number of DAPI-positive cells. Four high power fields
(HPFs) were observed per sample and the average of the
four values was used.

Assessment of lipid peroxidation in the liver

The level of hepatic oxidative damage at R6 h was taken
as the combined amounts of MDA and 4-HNE, the stable
end products of lipid peroxidation, as determined using an
LPOS586 kit (Oxis International, Foster City, CA) [20]. We
made 10 % (%w/v) homogenate of the liver with ice-cold
Tris~HCl (20 mM) containing butylated hydroxytoluene
(0.05 %). The MDA and 4-HNE contents were measured
according to the manufacturer’s instructions. Data are
expressed as the nmol 4-HNE equivalent per mg of wet tis-
sue weight.

Immunohistochemistry of the liver

The frozen sections at R6 h were fixed in 95 % ethanol and
1 % formalin, rehydrated, permeabilized, and blocked in
3 % bovine serum albumin in PBS. After washing, the slide
was incubated with rabbit polyclonal anti-Nrf2 antibody
(1:250) (Abcam) for 1 h at room temperature, followed
by Alexafluor488-conjugated goat anti-rabbit IgG second-
ary antibody (1:500) (Molecular Probes Inc.) for 45 min at
room temperature. The slides were mounted with Prolong
Gold anti-fade reagent with DAPI (Molecular Probes Inc.).

Immunohistochemistry with anti-proliferating cell
nuclear antigen (PCNA) was performed according to the
manufacturer’s instructions. Briefly, the paraffin-embed-
ded sections were subjected to epitope retrieval by micro-
wave treatment. Monoclonal mouse anti-PCNA antibody
(M0879; DAKO Japan, Tokyo) was used at a dilution of
1:300. For visualization, streptavidin (LSAB 2 system
HRP; DAKO Japan) and DAB substrate (DAKO Japan)
were used. Nuclear counterstaining was performed using
hematoxylin.

The cell-positivity rate for nuclear Nif2 staining was
counted in four random high-power fields. The resulting
values were divided by the total number of DAPI-positive
cells. In the case of PCNA, the number of PCNA-positive
hepatocytes was counted and divided by the total number
of hepatocytes under four random high-power fields.

a) Springer
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Statistical analysis

Values are expressed as the mean = SD. The Student’s
¢t test or one-way ANOVA was used for evaluating

statistical significance. Values of P < 0.05 were consid-
ered significant. Statistical analyses were performed
using Stat View 5.0 for Windows (SAS Institute Inc.,
Cary, NC).

(d) Injury Score

%k

12

& OO

NaHS

Fig.1 Sodium hydrogen sulfide (NaHS) reduces hepatic ischemia
and reperfusion injury. Mice were subjected to partial warm ischemia
for 75 min and subsequent reperfusion (I/R) for 6 h. The ischemic
lobe was stained with hematoxylin and eosin, and scored according to
the method of Suzuki et al. Representative photographs (20x magni-
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(e) Serum ALT
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fication) are shown. a Sham operation. b NaHS (—): I/R with vehicle
treatment. ¢ NaHS (+): /R with NaHS (1.0 mg/kg) administration
before reperfusion. d Hepatic injury score. e Plasma ALT activity 6 h
after reperfusion. Results are expressed as the mean =+ SD. *P < 0.05,
NaHS (—) vs. NaHS (4). **P < 0.05 vs. Sham
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Results

Liver injury

The liver histopathology appeared to be almost normal in
the sham-operated group (Fig. 1a). Warm ischemia of the

liver and reperfusion (hepatic warm I/R) caused inflam-
matory cell infiltration, congestion, and vacuolization with
condensed nucleus at R6 h (Fig. 1b), whereas these changes
were attenuated in the NaHS-treated mice (Fig. 1c). The
injury score was augmented by hepatic warm I/R at R6 h in
the NaHS(—) group, whereas it was significantly reduced
by NaHS treatment (Fig. 1d). Plasma alanine aminotrans-
ferase (ALT) activity at R6 h was augmented in the hepatic

@) TNFa (b) IL-6
E El
2 Es
3 6
k3
>
2 4
1 2

RCERCEENT s 00O O

Q.
S NaHS & NaHS
B s o Semasvan D e o v
R3h ~ Reh R3h  Réh
© ® IL-17F
:\g g s KT
B 2
300
200 *
>
200 o
100
100
bk %

& O HE o
& NaHS
Ay

o
SO0
S22
S NaHS

R eutgnmas b S ol
R3h  R6h

—
R3h Réh

Fig. 2 Sodium hydrogen sulfide (NaHS) inhibits the expression of
inflammatory cytokines and chemokines. Mice were subjected to par-
tial warm ischemia for 75 min and subsequent reperfusion (I/R). The
plasma concentrations of inflammatory cytokines and chemokines at

warm I/R in NaHS(—) group, whereas it was significantly
reduced by NaHS treatment (Fig. 1e).

Plasma cytokines and chemokines

Plasma levels of TNF-a (Fig. 2a), IL-6 (Fig. 2b), IL-1p
(Fig. 2c), IFN-y (Fig. 2d), IL-23 (Fig. 2e), IL-17F (Fig. 2f)
and CD40L (Fig. 2g) were significantly higher in the
NaHS(—) group 3 h after reperfusion (R3 h) than the
respective value in the sham group, whereas the augmen-
tation was significantly suppressed in the NaHS(4-) group.
By 6 h after reperfusion (R6 h), these molecules, except for
CD40L, had decreased in the NaHS(—) group, and were
even lower in the NaHS(+) group. Inter-group comparison
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3 and 6 h after reperfusion were measured by an ELISA-based assay.
a TNF-a, b IL-6, ¢ IL-1B, d IFN-vy, e IL-23, f IL-17F, and g solu-
ble CD40 ligand. Results are expressed as the mean & SD. *P < 0.05,
NaHS (=) vs. NaHS (4). **P < 0.05 vs. Sham
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revealed significant decreases in I1L-6, IL-1p, IFN-y, and
1L.-23, although the decreases in TNF-a and IL17F were
not significant. It noteworthy that CD40L. continued to rise
from R3 h to R6 h in both groups, but that NaHS treatment
tended to decrease its value (P = 0.065).

Pro-survival signals
Pro-survival signals at R6 h were evaluated by western

blots of phosphorylated PDK-1 (p-PDKI1-Ser’), Akt

@) )
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120
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Fig.3 Sodium hydrogen sulfide (NaHS) activates survival signals.
Mice were subjected to partial warm ischemia for 75 min and sub-
sequent reperfusion (I/R) for 6 h. Cytosolic protein in the ischemic
lobe was applied to the western blot (fop), and the relative intensity
(bottom) is shown. Panels a—d show the results for a phosphoryl-
ated PDK-1 (Ser®*!), b phosphorylated Akt (Ser*’), ¢ phosphoryl-
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(p-Akt-Ser*”), mTOR  (p-mTOR-Ser***®), and p70S6k
(p-p7086 K-Ser’’!). Phosphorylated PDK-1 was sig-
nificantly attenuated by hepatic warm I/R, whereas the
reduction was significantly less pronounced in the NaHS
treatment groups (Fig. 3a). Phosphorylated Akt tended
to decrease only in the NaHS(—) group, whereas in the
NaHS(+) group, it was significantly higher than in the
other groups (Fig. 3b). Phosphorylated mTOR and phos-
phorylated p70S6k were almost unchanged by hepatic
warm I/R in the NaHS(—) group, whereas they were
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ated mTOR (Ser**®), and d phosphorylated p70s6k (Ser’”). Rela-
tive quantitation of each sample was performed, using GAPDH as
an internal control. Each normalized value was further normalized
by the mean value in the sham-operated group, and expressed as the
mean =+ SD. *P < 0.05, NaHS (—) vs. NaHS (4). **P < 0.05 vs.
Sham
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Fig. 4 Sodium hydrogen sunifide (NaHS) attenuates apoptosis of
hepatocytes. Mice were subjected to partial warm ischemia for
75 min and subsequent reperfusion (I/R) for 24 h. Liver sections were
stained by the fluorescent TUNEL method and nuclear counterstain-
ing with DAPI. Representative photographs (20x magnification) are
shown. a Sham operation. b NaHS (—): /R with vehicle treatment. ¢
NaHS (+): /R with NaHS (1.0 mg/kg) administration before reperfu-
sion. d The apoptotic index was calculated as the number of TUNEL-

Sham

NaHS (-) NaHS (+)
R24h

positive cells divided by the number of DAPI-positive cells. Data are
expressed as the mean & SD. e Cytosolic protein of the ischemic lobe
at R6 h was applied to a standard western blot. Representative west-
ern blots detected by cleaved caspase-3 antibody (fop) and the ratio of
the relative intensity, cleaved caspase-3/B-actin (boitom), are shown.
Each normalized value was further normalized by the mean value in
the sham group, and expressed as the mean & SD. *P < 0.05, NaHS
(=) vs. NaHS (4). **P < 0.05 vs. Sham
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<4 Fig. 5 Sodium hydrogen sulfide (NaHS) reduces oxidative stress.
Mice were subjected to partial warm ischemia for 75 min and sub-
sequent reperfusion (I/R) for 6 h. a Lipid peroxidation was assessed
by MDA + 4-HNE. b Representative photographs (40x magnifica-
tion) are shown. Immunohistochemistry of the liver showed that Nrf2
(Green) was ubiquitous in the cytosol but not in the nucleus in the
sham-operated group. In the NaHS () group, only faint staining of
Nrf2 in the nucleus was seen, whereas in the NaHS (+4) group, almost
all cells showed Nrf2-positive (pale blue; Arrow). ¢ Western blot of
nuclear proteins with regard to Nrf2. d Western blots of cytosolic pro-
teins were evaluated for the HO-1 protein, and e thioredoxin-1 (TRX-
1). Representative western blots (fop) and the relative ratio (target
protein/B-actin) (borfom) are shown. Each normalized value was fur-
ther normalized by the mean value in the sham-operated group. Data
are expressed as the mean £ SD. *P < 0.05, NaHS (~) vs. NaHS
(). ¥*P < 0.05 vs. Sham

significantly higher in the NaHS treatment group than in
the other groups (Fig. 3c, d).

Apoptosis

TUNEL staining at R24 h showed almost no positive cells
in the sham group (Fig. 4a, d). TUNEL-positive cells were
augmented by hepatic warm I/R in the NaHS(—) group at
R24 h (Fig. 4b, d), whereas they were significantly reduced
by NaHS treatment (Fig. 4c, d). Cleaved caspase-3 at R6 h
was significantly augmented by hepatic warm I/R in the
NaHS(—) group, whereas it was significantly suppressed
by NaHS treatment (Fig. 4e).

Oxidative stress

We calculated the sum of the values of malondialdehyde
(MDA) and 4-hydroxy-2-nonenal (4-HNE), the end products
of lipid peroxidation, at R6 h. This value was augmented by
hepatic warm I/R in the NaHS(—) group, whereas it was sig-
nificantly reduced by NaHS treatment (Fig. 5a).

Anti-oxidative responses were evaluated by the translo-
cation of Nrf2 and expression of the downstream enzymes,
HO-1 and TRX-1. Immunohistochemistry of Nif2 (Green)
reveled homogeneous staining in the cytosol, but not in
the nucleus, in the sham-operated group. In the NaHS (—)
group, there was only faint staining of Nrf2 in the nucleus,
whereas in the NaHS (+) group, almost all cells showed
Nrf2-positive nucleus (pale blue; arrow), indicating that
NaHS treatment augmented the nuclear translocation of
Nif2 at R6 h (Fig. 5b).

The western blot of nuclear proteins revealed that
the sham group had the lowest value. The value in the
NaHS(—) group at R6 h was increased significantly, and it
was further increased significantly in the NaHS(4) group
(Fig. 5c). The expression of HO-1 in the cytosol was
increased by hepatic warm I/R in the NaHS(—) group, and
it was further augmented significantly by NaHS treatment
(Fig. 5d). The expression of TRX-1 in the cytosol showed

a tendency to decrease with hepatic warm I/R in the
NaHS(—) group, whereas it was significantly augmented
by NaHS treatment (Fig. Se).

Proliferation

Hepatic proliferation was evaluated by PCNA staining
at R24 h (Fig. 6a—d). In the sham group, the percentage
of PCNA-positive hepatocytes was 47 £ 14 %. The posi-
tive rate was reduced significantly to 13 £ 15 % in the
NaHS(—) group, whereas it was augmented significantly to
63 £ 14 % by NaHS treatment.

Discussion

We confirmed the beneficial effects of NaHS against warm
I/R of the mouse liver, by demonstrating a reduction in tis-
sue injury, apoptosis, oxidative damage, and inflammatory
reactions, with stimulation of liver regeneration. These
beneficial effects were at least in part due to the augmented
nuclear translocation of Nrf2 and downstream activation
of anti-inflammatory and anti-oxidant pathways. Activa-
tion of the pro-survival signals was demonstrated by the
augmented phosphorylation of PDK-1, Akt, mTOR, and
p70s6k in response to NaHS treatment. Simultaneous acti-
vation of anti-apoptotic, anti-inflammatory, anti-oxidative,
pro-survival, and pro-proliferation cascades appeared to
allow recovery of the liver subjected to warm I/R.

Hydrogen sulfide (H,S) is produced endogenously from
cysteine in the liver, kidney, vessels, brain, and nerves, and
its exertion at low concentrations is biologically important
[23]. Furthermore, H,S has been reported to reduce IRI of
the liver [13—16] and other organs [9-12]. Consistent with
these reports, the present study showed a reduction in net
injury by ALT leakage and histopathology.

Acute inflammation in hepatic IRI is initiated mainly
in Kupffer cells and hepatocytes during warm ischemia
[2, 3, 24]. These cells release TNF-o, IL-6, and IL-18,
and stimulate inflammation, which in turn activates the
cell death pathway, and ROS and protease release from
neutrophils [3, 4]. Schlegel et al. [25] reported that serum
TNF-a, IL-17, and the ratio of CDI154-positive T cells
were increased in a DCD liver graft after transplantation.
IL-23 and Th17 cells, including NK, NKT, and y3T cells,
play major roles in both acquired and innate immunity in
organ transplantation [26]. In hepatic IRI, IL-23 stimulates
Kupffer cells and CD4 +/Th17 cells. [L-6 released from
Kupffer cells promotes further activation of Th17 cells to
release IL-17, and stimulates neutrophil accumulation [27].
A recent report revealed that activation of CD40-CD40L
(CD154) promoted oxidative stress-induced apoptosis in
hepatocytes [28].
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