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injury or preemptive therapy for the progression of
hepatocellular death. For example, pancaspase inhibitor
can potentially suppress hepatocyte apoptosis in many
liver diseases.’

Recently a novel biomarker of hepatocyte apoptosis,
caspase 3-cleaved cytokeratin (CK)-18 product (CK-18
fragment), had became available for clinical use.*®
However, the significance of serum CK-18 fragment
level is still unclear, because at least two distinct patho-
physiological steps are needed for the appearance of
CK-18 fragment in the serum.'” The first step is an
activation of exertion caspases in hepatocytes and the
second is the leakage of the CK-18 fragments though the
hepatocyte plasma membrane. On the other hand, an
architectural chromatin-binding factor, high mobility
group box-1 (HMGB-1), was identified to be passively
released by necrotic cells but not by apoptotic cells.”
Therefore, the serum level of HMGB-1 in patients with
liver injury is considered to be a marker of necrotic cell
death of hepatocytes. Those findings therefore indicate
the possibility of differential evaluation of necrotic and
apoptotic hepatocellular death by the combined use of
the new serum markers, CK-18 fragment and HMGB-1.

In this study, we experimentally investigated the
mechanism by which CK-18 fragment and HMGB-1
appear outside hepatocytes, and clinically evaluated the
usefulness of serum levels of CK-18 fragment and
HMGB-1 in evaluating the severity and the mechanism
of acute liver injury.

METHODS
Experimental study

Cells and culture condition

EPG2 CELLS WERE propagated at 37°C in 5%

CO,; in the Dulbecco’s modified Fagle’s medium
(DMEM) (Gibco BRL, Grand Island NY, USA) contain-
ing 10% (V/V) fetal calf serum (Hyclone, Logan UT,
USA) and 100 units/mL penicillin (Sigma Chemicals,
St Louis MO, USA) and were passaged every 5-7 days.
The cells were cultured until they reached 80-100%
confluence.

Stimulation and sample preparation

The confluent cells were rinsed three times in 10 mL of
phosphate buffered saline (PBS), and then were treated
with 3 mM hydrogen peroxide (H,O,) or 1 uM stauro-
sporin (STS) in DMEM lacking fetal calf serum for
inducing typical necrosis or apoptosis, respectively. The
medium were serially obtained and provided for deter-
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mination of aspartate aminotransferase (AST) using
chemical autoanalyzer (BM2250: Japan Electron Optics
Laboratory, Tokyo Japan), cytochrome ¢ using Western
blotting with anti-cytochrome ¢ antibody (Calbiochem,
Darmstadt, Germany), CK-18 fragment using M30-
Apoptosense ELISA kit (Peviva; Alexis, Grunwald,
Germany) and HMGB-1 using HMGB-1 ELISA kit 1I
(Shino-test , Sagamihara, Japan) according to the manu-
facture’s instruction.

In addition, intracellular CK-18 fragment was also
serially determined in cell lysate. The cells were lysed
with lysis buffer containing 150 mM NaCl, 50 mM
HEPES (pH 7.5), 10% glycerol (Wako Chemicals,
Osaka, Japan), 5 mM MgSO4, 1 mM EGTA, 1 mM phe-
nylmetanesulphonylfluoride (PMSE; Sigma Chemicals),
1% thioglycol (Wako Chemicals), 1% Triton X-100
(Sigma Chemicals) and a protease inhibitor cocktail
(Sigma Chemicals). After centrifugation, the total
protein concentration was adjusted to 5 mg/mL before
assay.

Evaluation of cell viability and apoptosis

The number of viable cells was functionally estimated
using the cell count reagent SF (Nacalai Tesque, Kyoto,
Japan). Briefly, the cell count reagent SF contains
2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulphofenyl)-2H-tetrazorium, monosodium salt,
which generates tetrazorium salt by the effect of intrac-
ellular dehydrogenase, a water soluble formazan dye,
the concentration of which can be determined by ab-
sorbance at 450 nm. Ten microliter of the cell count
reagent SF was added to each well containing cultured
HepG2 cells in 100 pL of medium. After 1 h incubation,
absorbance at 450 nm of the well was measured by a
microplate photometer (ImmunoMini NJ-2300; Inter
Medical, Tokyo, Japan). The changes in cell number
were arbitrary represented by a proportion of absorption
at each time point to that before stimulation in corre-
sponding experiment.

Apoptotic cells were determined by 4',6'-diamidino-
2-phenylindole (DAPI; Sigma Chemical) staining
and fluorescence microscopy (ECLPSE, TE300; Nikon,
Tokyo, Japan), and the degree of apoptosis was repre-
sented by the apoptosis index (AL, percentage of apop-
totic cells with respect to the total number of cells in
each microscopic field).

Clinical study
The serum CK-18 fragment and HMGB-1 levels were
determined in 84 patients with acute hepatic injury.
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Table 1 Number of patients for each disease type and the etiology of acute hepatic injury in clinical study

Conventional acute Severe acute Fulminant Late-onset Total

hepatic injury hepatic injury hepatic failure hepatic failure
Viral hepatitis 19 4 3 0 26
Epstein-Barr virus hepatitis 6 0 0 0 6
Drug-induced hepatic injury 20 1 1 0 22
Alcohol 2 2 0 0 4
Circulation disturbance 0 3 1 0 4
Unknown 10 4 5 3 22
Total 59 14 10 3 84

Venous blood samples were collected from the patients
on admission and were immediately centrifuged at
1500 g and 4°C for 10 minutes. The obtained serum
samples were stored at —80 °C until use. The serum
levels of the two peptides were determined by the same
methods mentioned in experimental study methods.

The patients were divided into the following four
subgroups on the basis of disease type as determined
by their clinical outcomes: patients with conventional
AHI or CAHI (recovered with a prothrombin time
activity [PT] not less than 40%; n=59), patients with
severe AHI or SAHI (PT less than 40%, but no hepatic
encephalopathy [HE]; n=14), patients with FHF
(patients with HE within 8 weeks after the onset;
n=10), and patients with late-onset hepatic failure or
LOHF (patients with HE developed after 8 weeks after
the onset; n = 3). Of 10 FHF patients, only two patients
showed acute type disease (preencephalopathy disease
duration =10 days), while the other eight patients
showed subacute type disease (the preencephalopathy
disease duration =11 days); four patients spontane-
ously recovered, four died of hepatic failure and two
underwent living donor liver transplantation. All
LOHF patients died of hepatic failure. The classifica-
tion of patients according to the etiologies of the liver
injury was listed relating to the disease types in
Table 1. The etiologies of liver injury were determined
as mentioned in a previous report."” Four cases with
circulation disturbance include two cases of liver shock
due to acute heart failure (arrthythmia and hyperthy-
roidism crisis), an acute type Budd-Chiari syndrome
and an acute hepatic congestion by acute exacerbation
of constrictive pericarditis. Among 26 viral hepatitis
cases, number of hepatitis A cases was four cases, hepa-
titis B was 15, hepatitis C was one, hepatitis E was four
and herpes simplex was two.

The logarithmically transformed levels of serum
CK-18 fragment and serum [HMGB-1 were compared

among subgroups of disease types and etiologies using
an analysis of one-way variance (ANOVA) and Scheffe’s
test. The values of each subgroup were represented
by median [25-75 percentile]. Correlations between
serum CK-18 fragment or HMGB-1 levels and
serum aminotrasferase levels or plasma prothrombin
activities were determined by Pearson’s correlation
coefficient. The upper normal limit of each protein was
determined by the serum levels of normal volunteer
as the mean value plus two times the standard devia-
tion. All statistical analyses were carried out using
the computer program, SPSS v. 15.0 (SPSS Japan,
Tokyo, Japan) and the significance was determined at
P=0.05.

RESULTS

Experimental study on the mechanism of
release of CK-18 fragment and HMGB-1
from HepG2 cells

HE SERIAL CHANGES in the relative number of

viable HepG2 cell and in the apoptosis index after
stimulation with 1 pM STS or 3 mM H,O, were shown
in the Fig. 1a and b panels, respectively. The number of
viable HepG2 cells markedly decreased and synchroni-
cally the apoptosis index markedly increased 12 h after
the stimulation with STS. The AST levels in the medium
increased 12 hrs after stimulation with STS (Fig. 1¢). In
contrast to the STS stimulation, viable cell numbers
rapidly decreased after stimulation with H,O, and the
apoptosis index show few increase over the course. In
the H,0, stimulation experiment, extracellular cyto-
chrome c was determined as a marker of plasma mem-
brane leakage instead of AST, because the AST assay
could not be successfully performed under H,0, stimu-
lation. Cytochrome ¢ was detected in the medium at
3 hrs after stimulation with H,O, (Fig. 1d).
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The intracellular concentration of CK-18 fragment
began to increase after STS stimulation and peaked
much earlier than the appearance of morphological
apoptosis which occurred at 12 hours, while the extra-
cellular level did not increase until most cells showed
morphological apoptosis and most viable cells disap-
peared (Fig. 2a). In contrast, H,O, stimulation induced
a very small increase in the intracellular and extracellu-
lar concentration of CK-18 fragment (Fig. 2b).

Similarly, the serial changes of the extracellular con-
centration of HMGB-1 after stimulation of STS and
H,0, are shown in Fig. 2c and d, respectively. The extra-
cellular concentration of HMGB-1 markedly increased
3 h after stimulation with H,0O, but did not increased
with STS.

impact of the disease type on the serum
levels of CK-18 fragment and HMGB-1

The association of the serum levels of CK-18 fragment
and HMGB-1 with disease types of severity are shown in
Fig. 3. The logarithmically transformed serum levels of
CK-18 fragment and HMGB-1 in 10 normal volunteers
were 2.31+0.15 (meant SD) log U/L and -0.398
+0.238 log ng/mL, respectively, and the upper
normal limit of those markers were set at 428 U/L
(2.31+2 x0.15log U/L) and 1.2 ng/mL (-0.398 + 2 x
0.238 log ng/mL). The serum CK-18 fragment levels in
CAHI, SAHI, FHF and LOHF were 1758 [551-4969] U/L
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viable and apoptotic cells, and cell membrane
leakage after staurosporin (STS) and H,0,
stimulation. The relative numbers (%) of viable
cells in comparison to those in pretreatment
and the apoptosis index (Al, %) were serially
plotted in the upper panel. (a) 1 pM stauro-
sporin stimulation. (b) 3 mM H,0, stimula-

extracellular  aspartate

plotted prior and after STS stimulation. (d) A
Western blotting analysis of extracellular fluid
with anti-cytochrome c prior and after stimula-
tion with HzOz.

(median [25-75 percentil]), 3192 [1327-6765], 2674
[497-3441] and 703 [451-2159], respectively. The
serum HMGB-1 levels in CAHI, SAHI, FHF and LOHF
were 2.2 [0.6-3.9] ng/mL, 4.1 [2.1-6.1], 1.0 [0.4-1.2]
and 0.7 [0.1-2.5], respectively. The CK-18 fragment
level distributed from within normal limit to 100 times
the level of upper normal limit, whereas serum HMGB-1
level in most patients was distributed within 10 times of
the upper normal limit. There was no significant differ-
ence associated with the disease severity in either the
CK-18 fragment level or in HMGB-1 level.

Impact of the etiology of acute liver injury
on the serum levels of CK-18 fragment
and HMGB-1

The serum levels of both markers were compared among
various etiologies (Fig 4). The CK-18 fragment level
showed no significant difference among the etiologies,
while the HMGB-1 level in circulation disturbance
group showed a significantly higher level than those in
all other etiologies.

Figure 5 shows the correlation between the serum
CK-18 fragment and HMGB-1 levels in all of the cases.
Although no significant correlation was found between
the two markers, four cases with acute hepatic injury
due to circulation disturbance were plotted in the area
that shows high HMGB-1 and low CK-18 fragment
levels.

— 146 —



Hepatology Research 2010; 40: 605-612 Differential evaluation of hepatocyte apoptosis and necrosis 609

(a) Staurosporin (b) H,0O,
10000p CK-18fragment 450 10000y  CK-18fragment 10000
oy Intracellular aniier) -~
= Ji000 2 = L1000 2
8 T [
= 1000} S 3 10004 2
5] = 3 =
§ 4100 § § Intracellular 100 §
= Extracellular = =
i E X Extraceliular £
100 10 1004 gy |,
0 1 3 6 12 20 0 1 3 6
Time (h) Time (h)
© (d)
__ 50 HMGB-1 _Sop HMGB-1
E 40 T4}
£ 30 €30}
g 20 o 20 F
g1 2 10
T o La T 0
01 3 6 12 20 0 1 3 6
Time (h) Time (h)

Figure 2 Intracellular generation of cytokelatin (CK)-18 fragment and extracellular leakage of CK-18 fragment and HMGB-1 in
apoptosis and necrosis. The intracellular and extracellular CK-18 fragment levels prior and after stimulation with staurosporin (a)
and H,0, (b) were serially plotted. The extracellular levels of HMGB-1 after stimulation with staurosporin (c) and H,0, (d) were
serially plotted.

The correlation between the general liver HMGB-1 levels. The AST level (r=0.826, P<0.001,
test and CK-18 fragment or HMGB-1 Fig. 6) and ALT level (r=0.727, P < 0.001) were highly
correlated to the CK-18 fragment level while PT activity

The serum AST, ALT, total bilirubin levels and plasma (r=-0.214, P=0.057) did not. In contrast, none of
PT activity were compared with the CK-18 fragmentand  those three liver tests showed a significant correlation to
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the HMGB-1 level (Fig. 6). The serum total bilirubin
level showed no significant correlation with either the
CK-18 fragment level (r=-0.097, P=0.379) or the
HMGB-1 level ((r=-0.090, P=0.431).

DISCUSSION

HE PRINCIPAL FINDINGS of this study are that the
combination assay for the CK-18 fragment and
HMGB-1 is effective for clinical differentiation of the
mechanisms of hepatocellular death, necrosis and
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Figure 5 The correlation between the serum levels of cytokela-
tin (CK)-18 fragment and HMGB-1. The serum levels of CK-18
fragment and HMGB-1 on admission were plotted. The four
closed circles represent the values in patients with circulation
disturbance. The bar on the horizontal and vertical line shows
the normal range of the each marker.
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normal range of the each marker.

apoptosis, in patients with acute liver injury and that
apoptosis but not necrosis is the principal mechanism
of hepatocellular death in almost patients with liver
injury regardless the severity of the disease and etiology
except for those with circulation disturbance. Those
findings support the possible efficiency of pancaspase
inhibitor for pre-emptive treatment of patients with
acute severe liver injury for preventing the progress to
FHF.

The experimental study demonstrated that the CK-18
fragment was substantially generated inside the HepG2
cells in the early stage of the apoptotic process but those
cells did not release the fragment until the cells loses
their membrane integrity, which was demonstrated by
the elevation of AST in the medium. On the other hand,
CK-18 fragment was not generated inside the HepG2
cells in the process of pure necrosis thus that fragment
did not appear outside the cells even after the loss of
membrane integrity, which was demonstrated by the
appearance of cytochrome c in the medium. These data
indicate that an increase in the extracellular CK-18 frag-
ment means the existence of not only an activated intra-
cellular apoptotic cascade but also a plasma membrane
disintegration of the cultured cells. These experimental
findings therefore suggest that an increase of serum
CK-18 fragment level in clinical setting means the exist-
ence of substantial hepatocellular death by apoptotic
mechanism.

On the other hand, HMGB-1 was not released from
apoptotic HepG2 cells even after the loss of cell mem-
brane integrity as shown by the AST elevation in the
medium, while it was substantially released from
necrotic HepG2 cells as observed in previous studies.”
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These data suggests that an increase of the serum level of
HMGB-1 means the presence of tissue damage by
necrotic mechanism. Since HMGB-1 is not a hepatocyte
specific protein but a ubiquitous nuclear protein unlike
CK-18, an increase of serum level of HMGB-1 does not
always mean hepatocyte necrosis, but the lack of an
increase of HMGB-1 in the setting of acute liver injury
indicates that no significant hepatocyte necrosis is
implicated in the liver injury.

Previous studies suggest that necrosis and apoptosis
are not contradictory, but in fact they can coexist.?® Apo-
ptosis processes can be switched to necrotic cell death by
ATP depletion, which is called “secondary necrosis”. The
experimental findings in this study suggest that second-
ary necrosis leads to release of CK-18 fragments but not
of HMGB-1 and that the release of HMGB-1 indicate the
existence of only pure necrosis. Therefore, the simulta-
neous measurement of the CK-18 fragment and
HMGB-1 could differentially evaluate hepatocyte apop-
tosis and necrosis in acute liver injury, although a
kinetic study of those markers is still needed in the
future to establish the clinical significance of this
methods.

Although the mode of hepatocyte death in most of
clinical liver injuries associated with inflammation is
considered to be apoptosis,”® the mode of cell death
during circulation disturbance is thought to be necrosis
because the cells may be killed by ATP depletion follow-
ing to anoxia. In addition, microcirculation disturbance
by intrasinusoidal microthrombi is thought to be impli-
cated in the extensive hepatocyte death in FHF.'*2-%
Therefore, patients with acute liver injury caused by cir-
culation disturbance or FHF patients show high serum
HMGB-1 level compared to CK-18 fragment and that
the determination of these two serum markers can thus

be an indicator for initiating anti-apoptotic reagents or
anticoagulant treatments in patients with acute liver
injury.

The exclusive increase of serum HMGB-1 level in
patients with circulation disturbance demonstrated
in this study support the existence of presumed
necrotic cell death in that kind of liver injury. In con-
trast to the circulation disturbance, most patients
with acute liver injury despite the cause and severity
showed elevation of serum CK-18 fragment levels with
a strong correlation with the serum aminotransferase
level and without substantial elevation of serum
HMGB-1. These data suggest that apoptosis but not
necrosis is dominantly implicated in most causes of
liver injury even in FHF patients and that the elevation
of serum aminotransferase in acute liver injury mainly
indicates the extension of apoptotic hepatocellular
death. These findings are consistent with the previous
studies that the modes of cell death in experimental
and dinical liver injury are supposed to be mainly
apoptosis.'*!3

Recently, a patient management system was proposed
for acute liver injury for the purpose of early prediction
of hepatic failure using newly developed prediction
model and an early start of pre-emptive therapy to
stop the development of hepatic encephalopathy.'*®
Although the prediction efficiency for liver failure in
that system was satisfying, no effective therapy to
prevent progression to liver failure has been established.
From this point of view, the findings in this study
indicate the significance of the development of anti-
apoptotic therapies such as a caspase inhibitor, because
a potent anti-apoptotic therapy may be effective to sup-
press the progression of hepatocellular death and to
prevent the development of hepatic failure.
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In conclusion, the combined findings of the experi-
mental and clinical data in this study suggest that the
main mode of cell death in acute liver injury except for
circulation disturbance is apoptosis, as well as indicat-
ing the potential utility of pancaspase inhibitor for the
pre-emptive therapy against progression to FHF of acute
liver injury.
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Prothrombin Time as a Liver Function Test
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