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LIVER DISEASE MARKER, METHOD AND
APPARATUS FOR MEASURING THE SAME,
AND METHOD FOR ASSAYING
PHARMACEUTICAL PREPARATION

TECHNICAL FIELD

[0001] The present invention relates to a liver disease
marker, a method and an apparatus for measuring the same,
and a method for assaying a pharmaceutical preparation. In
particular, the present invention relates to a liver disease
marker that allows for screening to distinguish patients with
various liver diseases from normal persons, a method and an
apparatus for measuring the same, and a method for assaying
a pharmaceutical preparation by using the liver disease
marker.

BACKGROUND ART

[0002] There are various types of liver diseases, such as
drug-induced hepatitis, hepatitis B, hepatitis C, hepatic cir-
rhosis, and liver cancer. There are also asymptomatic carriers
of'a B-type virus or a C-type virus. In particular, 70 percent of
hepatitis C virus (HCV)-infected individuals experience
gradual loss of normal stem cells, fibrosis of the liver, pro-
gression to hepatic cirrhosis, and furthermore development of
liver cancer, due to chronic liver inflammation (chronic hepa-
titis). It is reported that 10 to 15% of chronic hepatitis C
patients and 80% of hepatic cirrhosis patients develop liver
cancer. Although the state of chronic hepatitis is not life-
threatening, life is threatened when liver cancer develops or
hepatic cirrhosis progresses to cause hepatic failure. There-
fore, it is necessary to diagnose hepatitis C at an early stage
and disinfect the virus.

[0003] Hepatitis C progresses from hepatic cirrhosis to
liver cancer with no symptoms, and liver function deteriorates
extremely resulting in various disorders such as malaise,
jaundice, and disturbed consciousness. However, at this
stage, there is currently no effective therapy. Therefore, it is
necessary to detect progression of the symptoms as early as
possible before liver function deteriorates and to apply a
treatment such as interferon administration. However, there is
currently no established method for identifying various liver
injuries precisely and rapidly.

[0004] Generally, when a liver disease is suspected, liver
function markers such as AST, ALT, y-GTP, alkaline phos-
phatase (AL-P), choline esterase (ChE), and bilirubin in
blood are measured in conjunction with a medical examina-
tion by interview, an inspection, and a palpation. When an
abnormality was found in these biochemical values, a hepa-
titis B virus test and a hepatitis C virus test, and imaging tests
such as an ultrasound examination, an X-ray examination,
and a CT examination are performed. For determination of
cancer, proteinous tumor markers such AFP, PIVKA-II, and
CEA in blood are measured. Furthermore, when an accurate
determination is required, laparoscopy, liver biopsy, and the
like (about one week of hospital stay is required) are per-
formed (Non Patent Literature 1).

[0005] Thus, identification of liver diseases requires many
examinations and it takes many days for the disease to be
determined. Laparoscopy, liver biopsy, and the like also
endanger patients and cause them physical pain. Since lap-
aroscopy, liver biopsy, and the like put a heavy burden on
patients, they may not be performed frequently to check the
patients’ pathological conditions. Furthermore, in the case of
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conventional methods, many of the examinations or determi-
nations may be performed by only experts, and therefore
burden is imposed on insufficient health care practitioners.
Therefore, a method for determining a liver disease rapidly,
precisely, and conveniently without putting a burden on
patients is highly desirable.

[0006] Many liver injuries such as hepatitis, hepatic cirrho-
sis, and liver cancer are known to be caused by generation of
active oxygen (oxidative stress) and disruption of the protec-
tion system of a living organism to remove it (Non Patent
Literature 2). One of the major protection systems of a living
organism against oxidative stress such as active oxygen is a
glutathione system. Reduced glutathione (GSH: referred to as
glutathione hereinbelow) is an antioxidant that exists in the
highest concentration in a tissue. Glutathione conjugates to
active oxygen, electrophiles, and the like, and reduces these
substances, thereby suppressing oxidative stress.

[0007] However, when the glutathione is decreased, a tis-
sue, a cell, and the like are exposed to oxidative stress, and
various pathological conditions are caused (Non Patent Lit-
erature 3). In fact, it is reported that, in liver injuries, oxidative
stress is increased by infection with a hepatitis B virus or a
hepatitis C virus, and glutathione is decreased, and that, in
patients and mice with hepatitis C, hepatic cirrhosis, or liver
cancer, glutathione is decreased (Non Patent Literatures 2 and
4).

[0008] Drug-induced hepatitis, which is induced by taking
a drug, is also caused by oxidative stress. Acetaminophen
(APAP), which is an antipyretic analgesic, is metabolized in
the liver to generate a highly toxic electrophile, N-acetylben-
zoquinoneimine (NAQPI). This NAQPI is conjugated to by
glutathione (GSH), which exists in a high concentration in the
liver, and is detoxified and excreted. However, when the elec-
trophiles exist in large quantities, the glutathione is depleted,
and the electrophiles accumulate in cells (oxidative stress)
and react with a biopolymer. It is known that cellular func-
tions are consequently disturbed, thereby causing pathologi-
cal conditions such as drug-induced hepatitis.

[0009] Previously, the present inventors have found that
glutathione was decreased in order to detoxify electrophiles,
NAQPIs, generated by metabolism of APAP, and ophthalmic
acid was increased rapidly in inverse proportion to the glu-
tathione level, when large quantities of APAP were adminis-
tered to a mouse (see FIG. 1(B)). The present inventors also
have found that an increase of ophthalmic acid in the liver and
blood indicates depletion of glutathione in the liver caused by
the electrophiles (Patent Literature 1, Non Patent Literature
5).

[0010] The mechanism is as follows. As shown in FIG. 1,
glutathione (y-Glu-Cys-Gly) and ophthalmic acid (y-Glu-
2AB-Gly) are tripeptides biosynthesized by the same two
enzymes, a y-glutamylcysteine synthetase and a glutathione
synthetase. They are different in their substrates (starting
materials), which are cysteine (Cys) and 2-aminobutyric acid
(2AB). In the normal reduction state shown in FIG. 1(A),
glutathione exists in large quantities in the liver and the first
enzyme, y-glutamylcysteine synthetase is under feedback
(FB) inhibition.

[0011] Therefore, little ophthalmic acid is biosynthesized.
However, when electrophiles, active oxygen species, and the
like exist in such a case as an oxidation state shown in FIG.
1(B), glutathione is consumed for detoxication. Feedback
inhibition is canceled due to the decrease of glutathione,
y-glutamylcysteine synthetase is activated, and glutathione
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and ophthalmic acid are biosynthesized. Ophthalmic acid
accumulates in the liver and also is excreted into the blood. As
described above, since ophthalmic acid in the liver, blood, and
the like increases under an oxidation state caused by an elec-
trophile and the like, ophthalmic acid serves as a biomarker of
oxidative stress.

[0012] Further, nonalcoholic fatty liver diseases (NAFLD)
occur when visceral fat increases because of obesity. With
respect to nonalcoholic fatty liver diseases (NAFLDs), it is
also reported that serum thioredoxin (TRX), a marker of
oxidative stress, is useful for distinguishing between nonal-
coholic steatohepatitis (NASH) that progresses to hepatic
cirrhosis and further to liver cancer and simple steatosis (SS)
that has a favorable course, (Non Patent Literature 6).
[0013] On the other hand, there is a comprehensive method
for measuring metabolites in a cell, which is based on a
method of measuring metabolites in a sample by a capillary
electrophoresis-mass spectroscope (CE-MS) (for example,
see Non Patent Literatures 5, 7 and 8). This comprehensive
method includes determining a low molecular weight com-
pound (metabolite) pattern and/or a peptide pattern of a liquid
sample derived from a human body or an animal body quali-
tatively and/or quantitatively in order to monitor the condi-
tion of the human body or the animal body, wherein the
metabolite and the peptide in the liquid sample are separated
by capillary electrophoresis, subsequently directly ionized,
and then detected on a mass spectrometer connected on-line
through the interface. The reference value and the sample
value that show the condition, and the deviation and corre-
spondence derived from the values are automatically stored in
a database in order to monitor the condition of the human
body or the animal body over a prolonged period. When an
anionic compound is separated and analyzed by combining
capillary electrophoresis and mass spectrometry, a method
for separating and analyzing an anionic compound including
reversing electroosmotic flow by using a coated capillary
whose inner surface is pre-coated cationically is known (for
example, see Patent Literature 2).
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SUMMARY OF INVENTION
Technical Problem

[0026] However, it has been difficult so far to distinguish
and identify drug-induced hepatitis, hepatitis B, hepatitis C,
hepatic cirrhosis, liver cancer, asymptomatic carriers of a
B-type virus or a C-type virus, and the like in one examina-
tion.

[0027] The present invention was achieved to solve the
above-mentioned conventional problems. Itis an object of the
present invention to enable one to identify rapidly liver dis-
eases such as drug-induced hepatitis, hepatitis B, hepatitis C,
hepatic cirrhosis, liver cancer, asymptomatic carriers of a
B-type virus or a C-type virus, a nonalcoholic fatty liver
disease (NAFLD), nonalcoholic steatohepatitis (NASH), and
simple steatosis (SS) by measuring a low molecular weight
biomarker in blood.

Means for Solving the Problems

[0028] Since many liver injuries such as hepatitis, hepatic
cirrhosis, and liver cancer are closely related to oxidative
stress as described above, the concentration of ophthalmic
acid was expected to vary in the liver injuries. Thus, blood
was collected from a normal person (i.e., a control: C) and
patients with drug induced liver injury (DI), an asymptomatic
hepatitis B carrier (AHB), an asymptomatic hepatitis C car-
rier (AHC), chronic hepatitis B (chronic hepatitis B carrier:
CHB), chronic hepatitis C (chronic hepatitis C carrier: CHC),
and liver cancer (hepatocellular carcinoma: HCC), and oph-
thalmic acid in the sera was measured. However, unlike mice,
little ophthalmic acid was detected in the normal person, the
drug-induced hepatitis patient, and the like. (While the con-
centration of ophthalmic acid in the murine serum was
approximately 2 pM, its concentration in the human serum
was approximately one twentieth the concentration in the
murine serum and little ophthalmic acid was detected in the
normal person, the drug-induced hepatitis patient, and the
like).

[0029] However, the present inventors discovered sub-
stances that increased significantly in the sera of the hepatitis
patients and identified the substance as y-Glu-X peptides
(notes: X represents an amino acid or an amine). Further-
more, the present inventors successfully distinguished
patients with various types of hepatitis from patients with
other diseases by performing multivariate analysis using a
multiple logistic regression model including the levels of
AST and ALT, which are liver function markers in serum, and
y-Glu-X peptides.

[0030] This discovery enabled rapid identification of a nor-
mal person and liver diseases such as drug induced liver
injury, an asymptomatic hepatitis B carrier, an asymptomatic
hepatitis C carrier, chronic hepatitis B, chronic hepatitis C,
and liver cancer by measuring the concentrations of y-Glu-X
peptides and the levels of AST and ALT in blood.

[0031] Furthermore, the above-mentioned discovery may
be applied to the distinguishment among a nonalcoholic fatty
liver disease (NAFLD), nonalcoholic steatohepatitis
(NASH), and simple steatosis (SS).

[0032] The present invention was achieved based on the
above-mentioned finding. The present invention provides a
liver disease marker for detecting a toxic electrophile and
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active oxygen (oxidative stress) in a mammalian tissue,
wherein the marker is one of y-Glu-Gly, y-Glu-Ala, y-Glu-
Ser, y-Glu-Val, y-Glu-Thr, y-Glu-Taurine, y-Glu-Ile, y-Glu-
Leu, y-Glu-Asn, y-Glu-Asp, y-Glu-Gln, y-Glu-Lys, y-Glu-
Glu, y-Glu-Met, y-Glu-His, y-Glu-Phe, y-Glu-Trp, y-Glu-
Arg, v-Glu-Citrulline, y-Glu-Tyr.

[0033] The present invention also provides a liver disease
marker for identifying a normal person, wherein the above-
mentioned liver disease marker is selected from the group
consisting of y-Glu-Phe, y-Glu-Ser, y-Glu-Thr, y-Glu-Gly,
and y-Glu-Glu.

[0034] The present invention also provides a liver disease
marker, wherein the liver disease marker is a combination of
a plurality of y-Glu-X (X represents an amino acid or an
amine) peptides. Here, the above-mentioned combination
may be selected by multiple logistic regression analysis.
[0035] The present invention also provides a liver disease
marker for identifying drug-induced hepatitis, wherein the
above-mentioned liver disease marker is a combination
including at least y-Glu-Thr, y-Glu-Leu, y-Glu-His, and
v-Glu-Phe.

[0036] The present invention also provides a liver disease
marker for identifying liver cancer, wherein the above-men-
tioned liver disease marker is a combination including at least
y-Glu-Val, y-Glu-Thr, y-Glu-Leu, y-Glu-Phe, and y-Glu-Tyr.
[0037] The present invention also provides a liver disease
marker for identifying an asymptomatic hepatitis B carrier,
wherein the above-mentioned liver disease marker is a com-
bination including at least y-Glu-Val, y-Glu-Gln, y-Glu-His,
and y-Glu-Phe.

[0038] The present invention also provides a liver disease
marker for identifying chronic hepatitis B, wherein the
above-mentioned liver disease marker includes at least y-Glu-
Lys.

[0039] The present invention also provides a liver disease
marker for identifying an asymptomatic hepatitis C carrier,
wherein the above-mentioned liver disease marker is a com-
bination including at least AST, y-Glu-Gly, and y-Glu-Phe.
[0040] The present invention also provides a liver disease
marker for identifying chronic hepatitis C, wherein the
above-mentioned liver disease marker is a combination
including at least y-Glu-Ser, y-Glu-Phe, and y-Glu-Tyr.
[0041] The present invention also provides a liver disease
marker, wherein the marker is a y-Glu-X (X represents an
amino acid or an amine) peptides and the above-mentioned
liver disease marker is used for distinguishing between a
nonalcoholic fatty liver disease (NAFLD), nonalcoholic ste-
atohepatitis (NASH), and simple steatosis (SS).

[0042] The present invention also provides a method for
measuring a liver disease marker, wherein one of y-Glu-Gly,
v-Glu-Ala, y-Glu-Ser, y-Glu-Val, y-Glu-Thr, y-Glu-Taurine,
v-Glu-Ile, y-Glu-Leu, y-Glu-Asn, y-Glu-Asp, v-Glu-Gln,
v-Glu-Lys, y-Glu-Glu, y-Glu-Met, y-Glu-His, y-Glu-Phe,
v-Glu-Trp, y-Glu-Arg, y-Glu-Citrulline, y-Glu-Tyr in a
sample is measured as a liver disease marker.

[0043] The present invention also provides an apparatus for
measuring a liver disease marker, the apparatus including
means for preparing a test sample suitable for analysis from a
sample and analysis means for measuring one of y-Glu-Gly,
y-Glu-Ala, y-Glu-Ser, y-Glu-Val, y-Glu-Thr, y-Glu-Taurine,
v-Glu-lle, y-Glu-Leu, y-Glu-Asn, y-Glu-Asp, v-Glu-Gln,
v-Glu-Lys, y-Glu-Glu, y-Glu-Met, y-Glu-His, y-Glu-Phe,
y-Glu-Trp, y-Glu-Arg, y-Glu-Citrulline, y-Glu-Tyr in the test
sample as a liver disease marker.
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[0044] The present invention also provides a method for
assaying a pharmaceutical preparation, the method including
the steps of: measuring a concentration of any of the above-
mentioned liver disease biomarkers in human blood collected
before and after administration of the pharmaceutical prepa-
ration; and comparing the measurement results between the
blood before administration of the above-mentioned pharma-
ceutical preparation and the blood after administration
thereof.

[0045] The present invention also provides a method for
assaying a pharmaceutical preparation, the method including
the steps of: measuring a concentration of any of the above-
mentioned liver disease markers in blood collected from a
first group consisting of one or more individuals that received
the pharmaceutical preparation and blood collected from a
second group consisting of one or more individuals that did
not receive the pharmaceutical preparation; and comparing
the concentrations of the measured liver disease marker
between the first group and the second group.

[0046] The present invention also provides a method for
measuring a liver disease marker, the method including mea-
suring one of y-Glu-Gly, y-Glu-Ser, y-Glu-Val, y-Glu-Thr,
v-Glu-Taurine, y-Glu-Leu, y-Glu-Asn, y-Glu-Asp, y-Glu-
Gln, y-Glu-Lys, y-Glu-Glu, y-Glu-Met, y-Glu-His, y-Glu-
Phe, y-Glu-Trp, y-Glu-Arg, y-Glu-Citrulline, y-Glu-Tyr in a
liver organ collected from a non-human mammal.

[0047] Furthermore, a method for diagnosing a liver dis-
ease according to the present invention includes the steps of:
collecting blood from one or more human individuals to be
diagnosed; measuring a concentration of a marker of the
present invention in the collected blood by any of the above-
mentioned measuring methods; and comparing the concen-
tration of the marker with that in blood from one or more
normal individuals.

[0048] A method for diagnosing a toxic side effect caused
by an electrophile property of a pharmaceutical preparation
(oxidative stress generated by administration of the pharma-
ceutical preparation) according to the present invention
includes the steps of collecting blood from a human indi-
vidual before and after administration of the pharmaceutical
preparation; measuring a concentration of a marker of the
present invention in the collected blood by any of the above-
mentioned measuring methods; and comparing the concen-
tration of the marker with that in blood from one or more
normal individuals. Here, the pharmaceutical preparation
may be of any type.

[0049] In the above-mentioned methods, the step of mea-
suring the concentration of a marker includes both measuring
separately each of the blood samples collected from individu-
als and measuring a pool of blood collected from a plurality of
individuals. The step of comparing the measured concentra-
tion of the marker also includes both comparing each of the
concentrations obtained from the respective measurements
one by one and comparing a cumulative total or a mean value
of the concentrations obtained from the respective measure-
ments.

[0050] A mammal in which a marker may be used to detect
oxidative stress in its tissue is not limited and may be any
mammal as long as the mammal experiences oxidative stress
in its tissue and a marker of the present invention may be
measured in its blood. The mammal is preferably a human.
[0051] Although the mammal from which blood used for
this diagnosing method is collected is not particularly limited,
a mammal whose blood contains at least one of the above-
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mentioned markers is preferred. Rodents such as a mouse and
a rat, a human, a monkey, and a dog are more preferred.

Advantageous Effects of Invention

[0052] According to the present invention, a normal person
and liver diseases such as drug induced liver injury, an asymp-
tomatic hepatitis B carrier, an asymptomatic hepatitis C car-
rier, chronic hepatitis B, chronic hepatitis C, liver cancer, a
nonalcoholic fatty liver disease (NAFLD), nonalcoholic ste-
atohepatitis (NASH), and simple steatosis (SS) can be iden-
tified rapidly by measuring the concentrations of y-Glu-X
peptides and the levels of AST and ALT in blood.

BRIEF DESCRIPTION OF DRAWINGS

[0053] FIG.1isadiagram schematically showing a mecha-
nism in which ophthalmic acid is biosynthesized in the pres-
ence of an electrophile and active oxygen (oxidative stress).
[0054] FIG. 2 is a diagram showing the comparison of the
LC-MS measurement results of y-Glu-X (X represents an
amino acid or an amine) peptides in the sera from a normal
person and a liver cancer patient.

[0055] FIG. 3 is a diagram showing the comparison of the
measurement results of AST, ALT, and y-Glu-X peptides in
the sera from a normal person and patients with various types
of hepatitis.

[0056] FIG. 4 is a diagram showing the accuracy of a
screening test for a normal status and various liver diseases
using AST, ALT, and y-Glu-X peptides.

[0057] FIG. 5 is a diagram showing the comparison of the
concentrations of y-Glu-X peptides in the sera from a liver
cancer patient and a gastric cancer patient.

[0058] FIG. 6 is a diagram showing the comparison of the
quantification results of y-Glu-X and y-Glu-X-Gly in the liv-
ers of the mice that received BSO or DEM.

[0059] FIG.7isadiagram schematically showing a mecha-
nism in which y-Glu-X peptides are biosynthesized in
patients with various liver injuries.

MODES FOR IMPLEMENTING THE
INVENTION

[0060] Hereinbelow, the embodiments ofthe present inven-
tion will be described in detail.

[0061] As described above, many liver injuries such as
hepatitis, hepatic cirrhosis, and liver cancer are known to be
closely related to oxidative stress. Thus, concentrations of
ophthalmic acid were measured using capillary electrophore-
sis-time-of-flight mass spectrometry (CE-TOFMS) in the
sera from 10 normal people (C), 31 patients with drug
induced liver injury (DI), 8 asymptomatic hepatitis B carriers
(AHB), 8 asymptomatic hepatitis C carriers (AHC), 10
patients with chronic hepatitis B (CHB), 21 patients with
chronic hepatitis C (CHC), and 14 patients with liver cancer
(HCC). However, different substances were found to have
increased predominantly in the hepatitis patients and all of
these substances were identified as y-Glu-X peptides (note: X
represents an amino acid or an amine).

1. Extraction of Metabolites from Sera

[0062] The serum (100 pl) collected from a normal person
and patients with various types of hepatitis were added into
900 pl of methanol containing a standard substance to inac-
tivate an enzyme, thereby stopping enhancement of metabo-
lism. After 400 pl of ultrapure water and 1000 J11 of chloro-
form were added, the mixture was centrifuged at 4,600 g for
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5 minutes at 4° C. After allowing to stand, 750 pl of separated
water-methanol phase was passed through a 5 kDa molecular
weight cutoft filter for centrifugal ultrafiltration for depro-
teinization. The filtrate was lyophilized and 50 pl of Milli-Q
water was added thereto. The mixture was subjected to a
CE-TOFMS measurement and an LC-MS MS measurement.

2. Measurement of Metabolites in Sera by Capillary

[0063] Electrophoresis-Mass Spectroscope (CE-TOFMS)
Low molecular weight metabolic products in the sera from a
normal person and a hepatitis patient were measured simul-
taneously using a CE-TOFMS.

Analysis Conditions for CE-TOFMS

[0064] a. Analysis Conditions for Capillary Electrophore-
sis (CE)
[0065] A fused silica capillary (internal diameter: 50 pum,

external diameter: 350 um, and full length: 100 cm) was used
as a capillary. 1M formic acid (pH: approximately 1.8) was
used as a buffer solution. Measurement was performed at an
applied voltage of +30 kV and at a capillary temperature of
20° C. A sample was injected by pressurization at 50 mbar for
3 seconds (about 3 nl).

b. Analysis Conditions for Time-of-Flight Mass Spectrometer
(TOFMS)

[0066] Positive ion mode was employed. An ionization
voltage, a fragmentor voltage, a skimmer voltage, and an
OctRFV voltage were set at 4 kV, 75V, 50 V, and 125V,
respectively. Nitrogen was used as dry gas, with the tempera-
ture set at 300° C. and the pressure set at 10 psig. Fifty percent
methanol solution was used as sheath fluid. Reserpine (m/z
609.2807) for mass calibration was mixed into the methanol
solution to a final concentration of 0.5 uM and the resultant
solution was fed at 10 pl/min. Using the mass numbers of
reserpine (m/z 609.2807) and an adduct ion of methanol (m/z
83.0703), all the obtained data were automatically calibrated.

3. Measurement of y-Glu-X Peptides in Sera by Liquid
Chromatography-Mass Spectroscope (LC-MSMS)

[0067] To achieve a sensitive measurement, y-Glu-X pep-
tides in sera were measured using a LC-MSMS.

a. Analysis Conditions for Liquid Chromatography (LC)
[0068] Develosil RPAQUEOUS-AR-3 (2 mm (internal
diameter)x100 mm (length), 3 pm) from Nomura Chemical
Co. Ltd. was used as a column for separation, and a column
oven was set at 30° C. One microliter of sample was injected
into the column. A mobile phase A was 0.5% formic acid and
a mobile phase B was acetonitrile. Gamma-Glu-X peptides
were separated by an elution method using a gradient of 0% (0
min)-1% (5 min)-10% (15 min)-99% (17 min)-99% (19 min)
B solution, at a flow rate of 0.2 ml/min.

b. Analysis Conditions for Triple Quadrupole Mass Spec-
trometer (QqQMS)

[0069] An API3000 triple quadrupole mass spectrometer
from Applied Biosystem was used for measurement in MRM
mode in positive ion mode. The parameters of the mass spec-
trometer were shown below:

[0070] ionspray voltage: 5.5 kV

[0071] nebulizer gas pressure: 12 psi

[0072] curtain gas pressure: 8 psi

[0073] collision gas: 8 unit

[0074] temperature of nitrogen gas: 550° C.
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[0075] The MRM parameters optimized for measuring the
v-Glu-X peptides are shown in Table 1.
TABLE 1

Out-

put

De- Volt-
cluster-  Focus- age of

ing ing Colli-  Colli-

Volt- Volt- sion sion

Q1 Q3 age age Energy Cell
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4. Search and Evaluation of Liver Injury Biomarkers

[0076] FIG. 2 shows the LC-MS measurement results of
v-Glu-X peptides in the sera from a normal person and a liver
cancer (HCC) patient. Many of the y-Glu-X peptides were
found to have increased in the liver cancer patient (HCC)
compared to the normal person. The concentrations of the
v-Glu-X peptides were also significantly higher in a patient
with other liver injuries than in a normal person.

[0077] FIG. 3 shows the measurement results of an AST

Peptide (m/z) (m/z) (V) V) \%) V) level, an ALT level, and y-Glu-X peptides in the sera from a
4-Glu-Gly 05 84 11 60 1 4 gormal person (C) and patients with various types of hepati-
v-Glu-Ala 219 90 26 100 17 6 tis. In this figure, the arrows show the maximum and the
y-Glu-Ser 235106 36 20 17 18 minimum, the top of the box corresponds to a measurement
z:giﬁ:xilwahne 47 118 26 120 17 8 ranked in the top 25% and the bottom of the box corresponds
1-Glu-Thr 249 120 51 80 17 g to a measurement ranked in the bottom 75%, and the trans-
y-Glu-Homoserine verse line in the box shows a median.

-Glu-Taurine 255 126 46 170 19 8 .
x_Glu_He ' [0078] Although the AST level and the ALT level, which
y-Glu-Leu 261 132 31 150 17 8 are conventional liver function test values, had increased in
y-Glu-Norleucine drug-induced hepatitis (DI), chronic hepatitis B (CHB), and
y-Glu-Asn or 262 133 16 50 17 22 . .- . .
y-Glu-Gly-Gly chronic hepatitis C (CHC), their levels in the other types of
v-Glu-Ornithine 262 133 31 90 17 8 hepatitis were not significantly different from the levels in the
y—Glu—Asp 263 134 31 150 17 8 normal person.
y-Glu-Homocysteine 265 136 36 140 17 8 . . . .
4-Glu-Gln [0079] However, a patient with drug-induced hepatitis (DI)
y-Glu-Ala-Gly 276 147 31 100 17 10 showed a higher level of y-Glu-X peptides such as y-Glu-Ser
1-Glu-Lys and y-Glu-Thr than the normal person (C), and patients with
y-Glu-Glu 277 148 26 150 17 10 .. .
1-Glu-Met 279 150 36 50 17 6 the other types of hepatitis showed an even higher level of
y-Glu-His 285 156 21 110 17 8 v-Glu-X peptides. Particularly, patients with asymptomatic
y-Glu-Ser-Gly 292 163 26 170 1714 hepatitis B (AHB), asymptomatic hepatitis C (AHC), or liver
y-Glu-Phe 295 166 41 220 17 14 . .
}-Glu-Val-Gly 304 175 31 100 17 5 cancer (HCC) also showed a high level of y-Glu-X peptides.
y-Glu-Norvaline-Gly Furthermore, it was observed in more detailed investigation
y-Glu-Arg 304175 46 110 21 12 that some y-Glu-X peptides were found at a higher level in
y-Glu-Citrulline 305 159 23 110 19 8 i hepatitis C (AHC) than i tomatic h
y-Glu-Thr-Gly 06 177 31 100 17 10 asymptomatic hepatitis ( [ ) than in asymptomatic hepa-
1-Glu-Homoserine-Gly 306 177 31 100 17 10 titis B (AHB), and in chronic hepatitis B (CHB) than in
y-Glu-Tyr 311 182 56 70 19 10 asymptomatic hepatitis B (AHB), and some y-Glu-X peptides
Y'giu'ile'Géyl 318 189 31 100 17 5 showed a tendency to decrease as hepatitis C progressed from
z Glﬁ: Aesl;_- Gg] 9 173 41 170 1o 18 asymptomatic hepatitis C (AHC) to chronic hepatitis C
1-Glu-Asp-Gly 320 191 26 130 17 10 (CHC), and further to liver cancer (HCC) even if all of them
y-Glu-Homocysteine- 322 193 26 150 17 12 are derived from the same hepatitis C.

Sglu- Gln-Gly 133w 16 7 47 4 [0080] As described above, the blood concentrations of
1-Glu-Glu-Gly 334 187 21 90 23 14 AST, ALT, and each of the y-Glu-X peptides were different in
y-Glu-Trp 334 188 41 200 23 14 each of the diseases. Therefore, we expected that the diseases
y-Glu-Tyr-Gly 368 136 31 180 27 12 could be classified by using the measurements of these com-
gggﬂéalmate ;gg }gg ;é 138 1; g ponents. Then, multiple logistic regression analysis, which is
GSH 308 179 36 130 17 10 a methodology for multivariate analysis, was performed to
select a biomarker for distinguishing each liver disease. The
result is shown in Table 2.
TABLE 2
95% CI 95% CI
Standard Lower Upper Odds Lower Upper
Groups Markers  Parameters Errors Limits Limits Ratios Limits Limits p-Values
C (Intercept) 3.61 1.48 6.90 — — — 0.0147
y-Glu-Phe  -34.5 10.9 -59.9 -16.5 1.07x 107 926x107%7 6.89x 1078 0.0016
DI (Intercept) 27.3 12.6 65.4 — — — 0.0303
ALT 0.0401 0.0196 0.0139 0.101 1.04 1.01 111 0.0403
y-Glu-Thr 21.5 10.5 527 222x10°  1.49x 1073 7.50 x 10?2 0.0396
y-Glu-Leu  -45.3 23.0 -1.23x 10> -15.7 2.05 x 107%° 0.00 1.57x 1077 0.0484
y-Glu-His ~ -32.8 16.7 -80.3 -10.8 5.50x 1075 1.29x 107 1.98x107° 0.0489
y-Glu-Phe 41.5 19.1 98.7 1.08x 108 472x10%  7.36x10% 0.0293
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TABLE 2-continued

95% CI 95% CI
Standard Lower Upper Odds Lower Upper
Groups Markers  Parameters Errors Limits Limits Ratios Limits Limits p-Values
AHB  (Intercept) 2.86 2.15 -0.948 7.87 — — — 0.1831
ALT -0.0665 0.0295 -0.146 -0.0204 0.936 0.864 0.980 0.0245
y-Glu-Val 4.06 1.64 1.20 7.86 58.2 3.31 2.60 x 103 0.0133
¥-Glu-Glu 0.402 0.140 0.171 0.742 1.49 1.19 2.10 0.0041
y-Glu-His -6.37 3.24 -13.5 -0.265  1.72x 107  1.44x 1076 0.767 0.0494
y-Glu-Phe  -24.3 104 -48.8 -6.32 2.73x 1071 620x 10722 1.80x 1073 0.0198
CHB  (Intercept) -4.15 0.794 -6.01 -2.80 — — — <0001
AST 5.12x 107 256x 107 1.23x 107 0.0115 1.01 1.00 1.01 4.54x10.2
y-Glu-Lys 0.609 0.242 0.156 1.13 1.84 117 3.09 0.0118
AHC  (Intercept) 2.29 234 -1.52 8.05 — — — 0.3277
AST -0.209 0.112 -0.505 -0.0561 0.811 0.603 0.945 0.0629
y-Glu-Gly 0.248 0.103 0.0965 0.527 1.28 1.10 1.69 0.0158
y-Glu-Phe -8.39 5.78 -23.8 0316 226x10™  4.69x 107! 1.37 0.1463
CHC  (Intercept) -2.86 0.564 -4.08 -1.85 — — — <0001
y-Glu-Ser 0.351 0.269 -0.182 0.893 1.42 0.834 244 0.1917
y-Glu-Phe -3.32 241 -8.52 1.13 0.0361  1.99x 107 3.09 0.1681
y-Glu-Tyr 3.91 1.75 0.723 7.66 50.1 2.06 2.11x 103 0.0256
HCC  (Intercept) -3.62 1.43 -7.09 -1.19 — — — 0.0115
AST 0.146 0.0555 0.0516 0.279 1.16 1.05 1.32 0.0085
ALT -0.215 0.0714 -0.390 -0.101 0.807 0.677 0.904 0.0027
y-Glu-Val 2.75 1.42 0.0366 5.89 15.6 1.04 3.60 x 10? 0.0536
y-Glu-Thr -5.96 3.46 -13.8 0247  2.58x 103  1.03x 10 1.28 0.0846
y-Glu-Leu -7.15 3.20 -14.8 -1.88 7.87x 10 3.64x 1077 0.152 0.0253
y-Glu-Phe 14.0 8.73 -0.941 34.4 1.18 x 10° 0.390 8.43 x 10 0.1094
¥-Glu-Tyr 18.9 6.74 8.06 35.2 1.69x 10°  3.15x 10% 1.90 x 10'° 0.0049
[0081] Inmultiple logistic regression analysis, a regression and greater than 1 contributes best to identification of drug-

equation (1) for p is solved:

[0082] In (p/1-p)=by+b X +bX,+bsxs+ . . . +bx, (1),
wherein explanatory variables of the numberk, such as x,, X,,
Xs3, - - . 5 Xz are used for calculating ratio p, which is an
objective variable. Values of the parameters in Table 2 are
specific values for by, by, . . . b,in the equation (1). The
(Intercept) represents the value of a constant term (b,).
[0083] To calculate probabilities for each case, for example
in the case of a drug-induced hepatitis (DI) group, a specific
value is obtained by assigning the value of the (Intercept)
parameter in the table, 27.3, to b, the value of ALT parameter,
0.0401, to by, the value of y-Glu-Thr parameter, 21.5, to b,, .
.., thevalue of parameter, 41.5, to b, and a quantified amount
of ALT to x,, a quantified amount of y-Glu-Thrto x,, .. ., a
quantified amount of y-Glu-Phe to x5. Estimated standard
errors and 95% confidence intervals of the parameters are also
indicated in the table.

[0084] Based on the result of this analysis, candidate biom-
arkers were discovered that allowed for a selective distin-
guishment of many types of hepatitis patients as well as
normal persons (C). For example, it was found that the biom-
arker for identifying a normal person (C) was y-Glu-Phe and
a normal person could be distinguished from patients with
other liver diseases by the level of y-Glu-Phe. Furthermore,
FIG. 3 indicates that y-Glu-Ser, y-Glu-Thr, y-Glu-Gly, and
y-Glu-Glu can also be used.

[0085] The biomarkers of drug-induced hepatitis (DI) are
ALT, y-Glu-Thr, y-Glu-Leu, y-Glu-His, and v-Glu-Phe.
When, for example, logistic regression analysis using a com-
bination of these biomarkers is performed and the value of p
is more than a predetermined value, for example, 0.5, the
disease can be identified as drug-induced hepatitis and be
distinguished from other liver diseases. Among these biom-
arkers, the level of y-Glu-Phe whose odds ratio is the highest

induced hepatitis (DI), wherein the odds ratio explains how
much the probability p changes when a quantified amount x,
increases by one. On the other hand, y-Glu-Leu and y-Glu-His
whose odds ratios are near 0 contribute to identification of
diseases other than drug-induced hepatitis (non-DI), and thus,
an increase in these substances indicates that the disease is
non-DI. The odds ratio of ALT is 1.04, which is close to 1.0,
meaning that there is no change of p in association with an
increase in a variable. Therefore, ALT contributes little and
may be omitted.

[0086] The biomarkers of liver cancer (HCC) are AST,
ALT, y-Glu-Val, y-Glu-Thr, y-Glu-Leu, y-Glu-Phe, and
v-Glu-Tyr. When, for example, logistic regression analysis
using a combination of these biomarkers is performed and the
value of p is more than a predetermined value, for example,
0.5, the disease can be identified as liver cancer and be dis-
tinguished from other liver diseases. Among these biomark-
ers, the level of y-Glu-Tyr whose odds ratio is the highest and
greater than 1 contributes best to identification of liver cancer
(HCC). On the other hand, y-Glu-Thr and -Glu-Leu whose
odds ratios are near 0 contribute to identification of diseases
other than liver cancer (non-HCC), and thus, an increase in
these substances indicates that the disease is non-HCC. The
odds ratios of AST and ALT are 1.16 and 0.807, respectively,
which are close to 1, and they contribute little. Therefore,
AST and ALT may be omitted.

[0087] Similarly, for the other diseases, their respective
candidate biomarkers were discovered as shown in Table 2.
The biomarkers of an asymptomatic hepatitis B carrier
(AHB) were ALT, y-Glu-Val, y-Glu-Gln, y-Glu-His, and
v-Glu-Phe, the biomarkers of chronic hepatitis B (CHB) were
AST and y-Glu-Lys, the biomarkers of an asymptomatic
hepatitis C carrier (AHC) were AST, y-Glu-Gly, and y-Glu-
Phe, and the biomarkers of chronic hepatitis C (CHC) were
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y-Glu-Ser, y-Glu-Phe, and y-Glu-Tyr. Among these, the biom-
arkers whose odds ratios are near 1, for example, ALT (1.04)
foridentifying AHB and AST (1.01) foridentifying CHB may
be omitted.

[0088] The minimal combination of required markers was
searched by performing stepwise variable selection. That is, a
forward selection method was employed, which involves
starting with no variables and repeating additions of more
significant variables and exclusions of less significant vari-
ables, thereby finding the most suitable combination. In the
current study, the p value of 0.25 was used as a threshold value
for both additions and eliminations.

[0089] Regarding the contribution ratios of these biomark-
ers, the accuracy of the logistic model may also be further
increased by adding the data of cases and allowing the model
to restudy the data, and modifying the combination of the
biomarkers for each identification and the coefficients of the
logistic model.

[0090] Subsequently, the accuracy of each of the screening
tests for the liver diseases using these biomarkers was evalu-
ated using a receiver operating characteristic curve (ROC
curve). The results are shown in FIG. 4 and Table 3.

TABLE 3
95% CI

Low- Up-

Sensi- Speci- Accu- er per
tivity  ficity racy Lim- Lim- P-Values

Groups (%) (%) (%) ROC its its
C 100 780 89.0 0939 0.886 0991 <1.00x 107
DI 100 95.7 979 0998 0.993  1.00 <1.00 x 107
AHB 750 989 87.0 0933 0.852 1.01 <1.00 x 107
CHB 100 571 78.6 0.859 0.749  0.969 2.08x 107
AHC 87.5 89.2 884 0944 0.882 1.01 <1.00 x 107
CHC 952 637 79.5 0811 0.726 0.895 <1.00x 107
HCC 923 977 95.0 0974 0937 1.01 <1.00 x 107

[0091] FIG. 4 and Table 3 show the accuracy of the multiple
logistic regression model that distinguishes a certain disease
group from all the other disease groups. For example, in the
case of drug-induced hepatitis (DI), DI is distinguished from
all the diseases other than DI. As FIG. 4 and Table 3 show, the
area under the ROC curve (area under the receiver-operating
curve: AUC)was 0.81 t0 0.99 in all the diseases, verifying that
each of the screening tests for the liver diseases using these
biomarkers allowed a highly accurate identification of each
disease. In particular, it turned out that a normal person (C:
AUC=0.939), drug-induced hepatitis (DI: AUC=0.998), an
asymptomatic hepatitis B carrier (AHB: AUC=0.933), an
asymptomatic hepatitis C carrier (AHC: AUC=0.944), and
liver cancer (HCC: AUC=0.937) were identified with a very
high accuracy by this method.

5. Evaluation of y-Glu-X Peptides in Other Diseases

[0092] We determined whether y-Glu-X peptides were
increased in other diseases. FIG. 5 shows the concentrations
of y-Glu-X peptides in the sera from a liver cancer patient
(HCC) and a gastric cancer patient (GC). In the gastric cancer
patient, the concentrations of y-Glu-X peptides were equiva-
lent to those of a normal person and there was no increase in
the y-Glu-X peptides which was seen in the liver cancer
patient. (Note: it is reported that infection with Helicobacter
pylori causes gastric cancer and suppresses oxidative stress
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(reference 10). It is suspected that the concentrations of
v-Glu-X peptides are low since gastric cancer is not exposed
to oxidative stress).

[0093] The concentrations of y-Glu-X peptides were also
low in the blood from a diabetic patient. Thus, the increase of
y-Glu-X peptides in blood was observed in a liver disease
specific manner.

6. Elucidation of Biosynthesis Mechanism of y-Glu-X Pep-
tides

[0094] The biosynthesis mechanism of y-Glu-X peptides
was elucidated using a mouse. As shown in FIG. 1(B), the
following biosynthesis mechanism of y-Glu-X peptides was
found. That is, the oxidative stress condition caused by active
oxygen and electrophiles causes depletion of glutathione,
which is used for removing these substances, and this deple-
tion leads to activation of y-glutamyl cysteine synthase
(GCS). Then, y-Glu-X dipeptides and y-Glu-X-Gly tripep-
tides are biosynthesized by using various amino acids as
substrates (starting materials). The experimental procedures
are described below.

a. Administration of GCS Inhibitor, BSO, and GCS Activator,
DEM, to Mice

[0095] Male mice were fasted overnight and anesthetized
by an intraperitoneal injection of pentobarbital sodium (60
mg/Kg of body weight). Then, the mice were intraperito-
neally injected with BSO, which is a y-glutamyl cysteine
synthase (GCS) inhibitor, and diethylmaleate (DEM), which
is an electrophile (GCS activator), both at a dose of 4 mmol/
kg of body weight (888 mg of BSO, 688 mg of DEM). The
mouse as a healthy subject was intraperitoneally injected with
physiological saline. Liver specimens (about 300 mg) were
excised from the mice 1 hour after administration (5 times
each).

b. Extraction of Metabolites from the Livers

[0096] The liver specimens (about 300 mg) excised from
the mice were immediately placed in 1 ml of methanol con-
taining an internal standard substance and were homogenized
to inactivate an enzyme, thereby stopping enhancement of
metabolism. After 500 pl of pure water was added to the
mixture, 300 pl of solution was taken out. To this solution, 200
ul of chloroform was added. After thorough stirring, the solu-
tion was further centrifuged at 15000 rpm for 15 minutes at 4°
C. After allowing to stand, 300 pl of separated water-metha-
nol phase was passed through a 5 kDa molecular weight
cutoff filter for centrifugal ultrafiltration to deproteinize it.
The filtrate was lyophilized and 50 pl of Milli-Q water was
added thereto. The mixture was subjected to a CE-TOFMS
measurement.

c. Identification Results of y-Glu-X Peptides and y-Glu-X-
Gly Peptides as Biomarkers That Are Indicators of Oxidative
Stress

[0097] FIG. 6 shows a part of the measurement results of
amino acids, y-Glu-X peptides, and y-Glu-X-Gly peptides in
the livers and sera from the mice after administration of
physiological saline (a healthy subject), BSO, or DEM. The
lett part of FIG. 6 shows the quantification results of amino
acids (X), y-Glu-X peptides, and y-Glu-X-Gly peptides
detected in the livers from the mice that received each of the
reagents. The right part of FIG. 6 shows the quantification
results of amino acids (X), y-Glu-X peptides, and y-Glu-X-
Gly peptides in the sera from the mice.

[0098] For example, the graphs on the top show the results
of Cys, y-Glu-Cys, and y-Glu-Cys-Gly (glutathione). The
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amount of glutathione in the livers was decreased rapidly in
the BSO-administered mouse and the DEM-administered
mouse compared to the healthy mouse (In the BSO-adminis-
tered mouse, glutathione is decreased because of inhibition of
y-glutamyl cysteine synthase. In the electrophilic DEM-ad-
ministered mouse, glutathione is decreased since it is con-
sumed for detoxication). No glutathione related substances
were detected in the sera.

[0099] The method described below was used to confirm
that the detected y-Glu-X peptides and y-Glu-X-Gly peptides
were synthesized in a glutathione-biosynthesis pathway. As
shown in FIG. 7, if these peptides were synthesized in the
glutathione-biosynthesis pathway, the y-Glu-X peptides and
y-Glu-X-Gly peptides in the liver should be decreased by
administration of BSO (since y-glutamyl cysteine synthase is
inhibited) and be increased by administration of electrophilic
DEM (since y-glutamyl cysteine synthase is activated), com-
pared to the healthy subject. As shown in FIG. 6, y-Glu-X
peptidic substances and y-Glu-X-Gly peptidic substances in
the liver other than glutathione-related y-Glu-Cys, GSH, and
v-Glu-Ser-Gly were decreased by administration of BSO and
were increased by administration of DEM compared to the
healthy subject. Therefore, it was confirmed that the y-Glu-X
peptidic substances and y-Glu-X-Gly peptidic substances
were certainly generated in the glutathione-biosynthesis
pathway.

[0100] In short, it was found that these y-Glu-X peptides
and y-Glu-X-Gly peptides were biosynthesized in the liver
when glutathione was decreased because of oxidative stress
caused by active oxygen, electrophiles, and the like.

d. Tracing of the Biosynthesis Pathway Using Threonine
Isotope

[0101] Furthermore, 13C, 15N isotope-labeled threonine
(Thr) was administered to a mouse intraperitoneally, and
APAP, which produces an electrophile and thereby gives oxi-
dative stress, was given to the mouse. y-Glu-Thr and y-Glu-
Thr-Gly containing 13C, 15N-labeled Thr were detected in
the murine liver and it was confirmed that y-Glu-Thr and
v-Glu-Thr-Gly were certainly biosynthesized from Thr under
the oxidative stress condition.

[0102] On the other hand, regarding the substances in the
murine serum, y-Glu-X peptides and y-Glu-X-Gly peptides
that were decreased by administration of BSO and were
increased by administration of an electrophile, DEM, com-
pared to the normal state were only y-Glu-2AB and oph-
thalmic acid (y-Glu-2AB-Gly) (FIG. 6). Therefore, it is
expected that, in the case of a mouse, only y-Glu-2AB and
ophthalmic acid are increased in the blood when glutathione
is decreased because of the oxidative stress caused by elec-
trophiles or the like.

[0103] However, when the sera from patients with various
types of hepatitis were measured, the concentrations of the
other y-Glu-X peptides were higher than those of y-Glu-2AB
and ophthalmic acid. This difference occurs presumably
since the substrate concentration, the substrate specificity and
activity of a metabolic enzyme, the type, function, and level
of expression of a transporter, and the like are different
between organism species.

[0104] The diagnosis method according to the present
invention based on the measurement of y-Glu-X peptides in
serum can also apply to diagnosis of various liver injuries
such as hepatic cirrhosis, a nonalcoholic fatty liver disease
(NAFLD), nonalcoholic hepatitis (NASH), and simple ste-
atosis (SS). In this specification, exemplary combinations of
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AST, ALT, and y-Glu-X peptides, which were candidate
markers of various liver injuries, were described; however,
the combinations of candidate biomarkers are not limited
thereto and may be changed through a future further close
investigation using multiple samples.

[0105] Although a LC-MS method was used for measuring
v-Glu-X peptides in serum in this study, measuring methods
are not limited and any analysis method can be used for the
measurement. Exemplary measuring methods include gas
chromatography (GC), liquid chromatography (LC), capil-
lary electrophoresis (CE), chip LC, chip CE, and GC-MS,
LC-MS, and CE-MS methods that combine them with a mass
spectrometer (MS), various measuring methods using MS
alone, an NMR method, a method of measuring y-Glu-X
peptides after their derivatization to fluorescent substances or
UV absorbing substances, a measuring method involving
producing an antibody and performing an ELISA method
using the antibody, and the like.

[0106] The method for assaying a pharmaceutical prepara-
tion according to the present invention is a method for mea-
suring the concentration of the marker of the present inven-
tion in a mammal, by using the blood collected from the
mammal that received the pharmaceutical preparation and the
blood collected from the mammal that did not receive the
pharmaceutical preparation. Although the mammal from
which blood used for this assay method is collected is not
particularly limited, a mammal whose blood contains at least
one of the above-mentioned markers is preferred. Rodents
such as a mouse and a rat, a human, a monkey, and a dog are
more preferred.

[0107] In the above-mentioned method, when the efficacy
of a pharmaceutical preparation as a therapeutic agent for a
toxic electrophile and active oxygen (oxidative stress) is
examined, the targeted disease to which the pharmaceutical
preparation is applied is not limited as long as it is a disease
caused by oxidative stress. The targeted disease is similar to
the diseases as described above for which a marker is used.
Furthermore, when the strength of the oxidative stress gener-
ated by administration of a pharmaceutical preparation is
examined, the type of the pharmaceutical preparation is not
limited in any way. For example, pharmaceutical preparations
may include a harmful drug.

[0108] The purposes of the assay method according to the
present invention are to examine the efficacy of a pharmaceu-
tical preparation as a therapeutic agent for a disease caused by
oxidative stress and to examine the strength of the oxidative
stress generated by administration of the pharmaceutical
preparation; however, in practice, the method may be used in
various situations. Although representative examples of use
of the assay method according to the present invention are
described below, the inventive assay method is not limited
thereto.

(1) Assay of Efficacy as Therapeutic Agent

[0109] Hereinbelow, exemplary uses in hepatitis of the
assay method according to the present invention are
described; however, the assay method is not limited to these
examples.

(1-1) Medicinal Effect Assay in Specific Individual

[0110] For example, the assay method according to the
present invention can be used to determine if a therapeutic
agent for hepatitis is effective in treating the hepatitis of a
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specific patient. First, blood is collected from a patient suf-
fering from hepatitis before and after administration of the
therapeutic agent for hepatitis to the patient. Then, the con-
centration of a hepatitis diagnostic marker in the blood is
measured. The thus obtained marker concentrations in the
blood before and after administration of the therapeutic agent
for hepatitis are compared. When the marker concentration in
the blood after administration of the therapeutic agent for
hepatitis is significantly lower compared to that before
administration, one can determine that the therapeutic agent
for hepatitis is effective in treating the hepatitis of the patient.

(1-2) General Medicinal Effect Assay

[0111] Furthermore, it is also possible to assay general
efficacy of the pharmaceutical preparation as a therapeutic
agent for hepatitis by applying the assay method according to
the present invention to a plurality of human individuals.
[0112] For example, by comparing the concentrations of a
hepatitis diagnostic marker before and after administration of
a therapeutic agent for hepatitis in a plurality of humans
suffering from hepatitis, one can examine a universal effect of
the substance as a therapeutic agent.

[0113] Alternatively, in another embodiment, the effectas a
pharmaceutical preparation may be compared between two
groups. First, patients suffering from hepatitis are divided
into two groups. The patients of one group receive a thera-
peutic agent for hepatitis, while the patients of the other group
do not receive the therapeutic agent or receive a placebo.
Blood is collected from the patients of these two groups.
Then, the concentration of a hepatitis diagnostic marker in the
blood is measured. Furthermore, the concentrations of the
marker in the blood obtained by this measurement are com-
pared between the two groups.

[0114] Herein, a “group” may include only a single indi-
vidual or a plurality of individuals, and the number of the
individuals of the two groups may be the same or different.
The blood collected from the individuals in the same group
may be pooled and the marker concentration in the pooled
blood may be measured. However, it is preferable to measure
the marker concentration in each individual’s blood sepa-
rately.

[0115] The comparison of the marker concentrations
among groups including a plurality of blood samples may be
performed by comparing pairs of blood samples or by com-
paring among the groups a cumulative total or a mean value of
the marker concentrations obtained from the plurality of
blood samples belonging to the same group. The plurality of
blood samples are for example, blood samples before and
after or in the presence or absence of administration of a
pharmaceutical preparation. This comparison may be per-
formed using any statistical method well known to those of
ordinary skill inthe art. As aresult of such comparisons, when
the marker concentration in the blood after administration of
a therapeutic agent is significantly lower compared to that
before administration or when the marker concentration in
the blood from the group receiving the therapeutic agent is
significantly lower compared to that of the group receiving no
therapeutic agent, one can determine that the therapeutic
agent is effective for the treatment of hepatitis. Moreover, one
can determine the level of efficacy by the degree of decrease.
[0116] In this way, screening for a therapeutic agent for
hepatitis can be achieved by assaying its general efficacy as a
therapeutic agent for hepatitis. Furthermore, the strength of
medicinal effect of each therapeutic agent for hepatitis can be
examined by using a plurality of therapeutic agents for hepa-
titis and examining therapeutic effects of different concentra-
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tions of each of the therapeutic agents for hepatitis, and com-
paring their different medicinal effects dependent on their
concentrations.

(2) Assay of the Strength of Oxidative Stress

[0117] Strong oxidative stress leads to a strong expression
of a side effect. Therefore, exemplary uses of the assay
method according to the present invention for the side effect
of'a pharmaceutical preparation is described below by way of
example; however, the inventive assay method is not limited
to these examples.

(2-1) Assay of the Strength of Side Effect in Specific Indi-
vidual

[0118] Theassay method according to the present invention
can be used to determine if a certain pharmaceutical prepa-
ration brings a side effect to a specific mammalian individual.
First, blood is collected from the individual before and after
administration of the therapeutic pharmaceutical preparation
to the individual. Then, the concentration of an oxidative
stress assay marker in the blood is measured. The thus
obtained marker concentrations in the blood before and after
administration of the pharmaceutical preparation are com-
pared. When the marker concentration in the blood after
administration of the pharmaceutical preparation is signifi-
cantly higher compared to that before administration, one can
determine that the administered pharmaceutical preparation
caused oxidative stress in the individual, causing a side effect
in the individual.

(2-2) Assay of General Strength of a Side Effect

[0119] Furthermore, it is also possible to assay a general
strength of a side effect of a certain pharmaceutical prepara-
tion by applying the assay method according to the present
invention to a plurality of mammalian individuals.

[0120] For example, it is possible to examine a general
strength of a side effect of the pharmaceutical preparation by
comparing the concentrations of an oxidative stress assay
marker before and after administration of the pharmaceutical
preparation for treating a disease in a plurality of individuals
suffering from the disease.

[0121] Alternatively, in another embodiment, the strength
of a side effect can be compared between two groups. First,
mammals suffering from a disease are divided into two
groups. The individuals of one group receive the pharmaceu-
tical preparation for treating the disease, while the individuals
of the other group do not receive the pharmaceutical prepa-
ration or receive a placebo. Blood is collected from the indi-
viduals of these two groups. Then, the concentration of an
oxidative stress assay marker in the blood is measured. Fur-
thermore, the concentrations of the markers in the blood
obtained by this measurement are compared between the two
groups. Herein, a “group” may include only a single indi-
vidual or a plurality of individuals, and the number of the
individuals of the two groups may be the same or different.
The blood collected from the individuals in the same group
may be pooled and the marker concentration in the pooled
blood may be measured. However, it is preferable to measure
the marker concentration in each individual’s blood sepa-
rately.

[0122] The comparison of the marker concentrations
among groups may be performed by comparing pairs of blood
samples or by comparing among the groups a cumulative total
or a mean value of the marker concentrations obtained from
the plurality of blood samples belonging to the same group.
This comparison may be performed using any statistical
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method well known to those of ordinary skill in the art. As a
result of such comparisons, when the marker concentration in
the blood after administration of the pharmaceutical prepara-
tion is significantly higher compared to that before adminis-
tration or when the marker concentration in the blood from
the group receiving the pharmaceutical preparation is signifi-
cantly higher compared to that of the group receiving no
pharmaceutical preparation, one can determine that the phar-
maceutical preparation has a side effect.

[0123] In this way, screening for a pharmaceutical prepa-
ration with a weak side effect can be achieved by assaying the
strength of the side effect of the pharmaceutical preparation.
Furthermore, the suitability of each pharmaceutical prepara-
tion as a therapeutic agent can be compared by using a plu-
rality of pharmaceutical preparations and examining the
pharmaceutical effects of different concentrations of each of
the pharmaceutical preparations, and comparing their differ-
ent side effects dependent on their concentrations.

[0124] As described above, the oxidative stress assay
marker of the present invention can be used for the assay of a
pharmaceutical preparation for treating a liver disease or the
assay of the strength of a side effect of a pharmaceutical
preparation, diagnosis of a disease, and the like. On that
occasion, the assay accuracy and diagnosis accuracy can be
increased by using a plurality of markers. Assay methods and
diagnosis methods other than the marker of the present inven-
tion may also be combined.

INDUSTRIAL APPLICABILITY

[0125] The present invention discovered a biomarker, a
v-Glu-X peptide, which indicates the depletion of glutathione
caused by oxidative stress that was generated in a living
organism. The y-Glu-X peptide is not only useful as a rapid
screening method for patients with various liver injuries, but
also can serve as a marker for detecting oxidative stress in a
living organism in a wide range of life science fields.

1. A liver disease marker for detecting an oxidative stress in
a mammalian tissue, wherein the marker is one of y-Glu-Gly,
v-Glu-Ala, y-Glu-Ser, y-Glu-Thr, y-Glu-Taurine, y-Glu-Ile,
y-Glu-Leu, y-Glu-Asn, y-Glu-Asp, y-Glu-Gln, y-Glu-Lys,
v-Glu-Glu, y-Glu-Met, y-Glu-His, y-Glu-Phe, y-Glu-Trp,
v-Glu-Arg, y-Glu-Citrulline, y-Glu-Tyr.

2. A liver disease marker according to claim 1, wherein the
marker is the liver disease marker for identifying a normal
person, which is selected from the group consisting of y-Glu-
Phe, y-Glu-Ser, y-Glu-Thr, y-Glu-Gly, and y-Glu-Glu.

3. A liver disease marker, wherein the marker is a combi-
nation of a plurality of y-Glu-X (X represents an amino acid
or an amine) peptides.

4. A liver disease marker according to claim 3, wherein the
marker is the liver disease marker for identifying drug-in-
duced hepatitis, which is a combination including at least
y-Glu-Thr, y-Glu-Leu, y-Glu-His, and y-Glu-Phe.

5. A liver disease marker according to claim 3, wherein the
marker is the liver disease marker for identifying liver cancer,
which is a combination including at least y-Glu-Val, y-Glu-
Thr, y-Glu-Leu, y-Glu-Phe, and y-Glu-Tyr.

6. A liver disease marker according to claim 3, wherein the
marker is the liver disease marker for identifying an asymp-
tomatic hepatitis B carrier, which is a combination including
at least y-Glu-Val, y-Glu-Gln, y-Glu-His, and y-Glu-Phe.
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7. A liver disease marker according to claim 1, wherein the
marker is the liver disease marker for identifying chronic
hepatitis B, which includes at least y-Glu-Lys.

8. A liver disease marker according to claim 3, wherein the
marker is the liver disease marker for identifying an asymp-
tomatic hepatitis C carrier, which is a combination including
at least AST, y-Glu-Gly, and y-Glu-Phe.

9. A liver disease marker according to claim 1, wherein the
marker is the liver disease marker for identifying chronic
hepatitis C, which is a combination including at least y-Glu-
Ser, y-Glu-Phe, and y-Glu-Tyr.

10. A liver disease marker wherein the marker is a y-Glu-X
(X represents an amino acid or an amine) peptides and char-
acterized by being used for distinguishing between a nonal-
coholic fatty liver disease (NAFLD), nonalcoholic steato-
hepatitis (NASH), and simple steatosis (SS).

11. A method for measuring a liver disease marker, wherein
one of y-Glu-Gly, y-Glu-Ala, y-Glu-Ser, y-Glu-Val, y-Glu-
Thr, y-Glu-Taurine, y-Glu-Ile, y-Glu-Leu, y-Glu-Asn, y-Glu-
Asp, v-Glu-Gln, y-Glu-Lys, Glu, y-Glu-Met, y-Glu-His,
v-Glu-Phe, y-Glu-Trp, y-Glu-Arg, y-Glu-Citrulline, y-Glu-
Tyr in a sample is measured as a liver disease marker.

12. An apparatus for measuring a liver disease marker,
comprising

means for preparing a test sample suitable for analysis

from a sample; and

analysis means for measuring one of y-Glu-Gly, y-Glu-Ala,

v-Glu-Ser, y-Glu-Val, y-Glu-Thr, y-Glu-Taurine, y-Glu-
Ile, y-Glu-Leu, v-Glu-Asn, y-Glu-Asp, y-Glu-Gln,
v-Glu-Lys, y-Glu-Glu, y-Glu-Met, y-Glu-His, y-Glu-
Phe, y-Glu-Trp, y-Glu-Arg, y-Glu-Citrulline, y-Glu-Tyr
in the test sample as a liver disease marker.

13. A method for assaying a pharmaceutical preparation,
comprising the steps of:

measuring a concentration of the liver disease biomarker

according to claim 1 in human blood collected before
and after administration of the pharmaceutical prepara-
tion; and

comparing the measurement results between the blood

before administration of the above-mentioned pharma-
ceutical preparation and the blood after administration
thereof.

14. A method for assaying a pharmaceutical preparation,
comprising the steps of:

measuring a concentration of the liver disease marker

accordingto claim 1 in blood collected from a first group
consisting of one or more individuals that received the
pharmaceutical preparation and blood collected from a
second group consisting of one or more individuals that
did not receive the pharmaceutical preparation; and
comparing the concentrations of the measured liver disease
marker between the first group and the second group.

15. A method for measuring a liver disease marker, com-
prising measuring one of y-Glu-Gly, y-Glu-Ala, y-Glu-Ser,
v-Glu-Val, y-Glu-Thr, y-Glu-Taurine, y-Glu-Ile, y-Glu-Leu,
v-Glu-Asn, y-Glu-Asp, y-Glu-Gln, y-Glu-Lys, y-Glu-Glu,
v-Glu-Met, y-Glu-His, y-Glu-Phe, y-Glu-Trp, y-Glu-Arg,
v-Glu-Citrulline, y-Glu-Tyr in a liver organ collected from a
non-human mammal.

16. (canceled)
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