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Fig. 2. Comparison of selected reaction monitoring chromatograms obtai ned from authentic oxysterols (A), I mg protein of the microsomal
fraction from a normal rat liver (B), and 5 pl of sera from a nonnal volunteer (C) and a patient with CTX (D). The quanities of each peak
(in A) of authentic oxysterol standards are: 7200 pg for 7a-hydroxycholesterol (70O ), [2[{7]7(1—011 (7a-OH-dy), 27-hydroxycholesterol
(27-OH), and [PH)27-OH (27-OH-d), 7100 pg for 4B-hydroxychulesterol (4B-OH), [2H,}48-OH (4B8-OH-d;), 245-hydroxycholesterol (245-
OH), and [2i~l¢,]24,-01-{ (24-OHdg), and 720 pg for 25-hydroxycholesterol (25-OH), [2F15]25-0OH (25-OH-ds), 22R-hydroxycholesterol
(29R-OH), 248,25-¢poxycholesterol (248,25-Epoxy), and 12H¢]24,25-Epoxy (24,25-Epoxyde). The numbers on the right side of each chro-
matogram represent the full scale of the chromatogram.
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TABLE 3. Reproducibility of the quantification of each oxysterol in rat
liver microsomes

Relative SD
Mean + SD Sample
Oxysterol (s = 12) Preparation Error (SIM)
ng %o
4p-Hydroxycholesterol 5.56 * 0.28 33 5.6
Te-Hydroxycholesterol 492 + (.13 3.7 29
22R-Hydroxycholesterol  (.107 + 0.013 12.7 11.9
24S-Hydroxycholesterol 0,104 * 0.007 8.7 5.8
25-Hydroxycholesterol 0.64 + 0.02 1.8 3.7
27-Hydroxycholesterol - 3.16 * 0.23 8.1 6.9
248,25-Epoxycholesterol LIT * 0.08 51 8.4

Each oxysterol was quantified in 1 mg protein from normal rat liver
microsomes. Four samples were prepared and quantified in triplicate by
liquid chromatography-tandem mass spectrometry. The results were
analyzed by a one-way layout, in which the analytical exrors were divided
into two sources: sample preparation and SRM measurement.

oxysterol calculated by linear regression analysis; this also
constituted an index for the precision and accuracy of the
method (see supplementary Table 1IT).

DISCUSSION

Neutral monohydroxysterols are poorly ionized hy
electrospray. To overcome this disadvantage, we have de-
veloped a new method for the enhancement of the ioniza-
tion efficiency by derivatizing into picolinyl esters (23, 27).
Dihydroxy- or epoxysterols are more efficiently ionized by
electrospray, and their limit of detection (5--60 finol on-
column) was reported to be more than 10 times lower than

TABLE 4. Recovery of ¢ach oxysterol from rat liver micvosomes

Average Recovery”

Oxysterol Amount Added (Mean * SD} (n = 6)
ng %
4B-Hydroxycholesterol 2.00 102.7 + 87
4.00 985 + 9.9
6.00 1043 = 117
7o-Hydroxycholesterol 4.00 89.5 = 7.1
8.00 86.7 * 6.9
12.60 90.8 + 8.8
22R-Hydroxycholesterol 0.05 103.0 + 155
0.10 105.2 £ 69
0.15 99.8 * 5.6
248-Hydroxycholesterol 0.05 1073 + 14.0
0.10 100.3 + 8.4
0.15 162.0 * 9.0
25-Hydroxycholesterol 0.20 106.6 + 12.7
0.40 1001 *+ 6.8
0.60 1081 =563
27-Hydroxycholesterol 1.00 98.2 * 15.0
2.00 1026 + 48
3.00 108.7 + 2.2
245,25-Epoxycholesterol 0.40 975 £ 15.2
0.80 1072 + 185
1.20 1042 + 7.5

Known amounts of ¢ach oxysterol were spiked into 1 mg protein
from nonmal rat liver microsomes before sample preparation.

% Recovery (%) = (amount found - Xf) /amount added X 100. X0
value was obtained from TABLE 3. (Se¢ Table 5 in vef. 35.)

(22). In this paper, we have studied the usefulness of our
derivatization method on dihydroxy- and epoxysterols that
are key regulatory oxysterols in biological samples. The de-
tection Jimits of oxysterol dipicolinates and epoxycholes-
tero} picolinate were 525 amol on-column, which was
about 1,000-fold more sensitive than those with the un-
derivatized ESI method (22). We also determined the
detection limits of native dihydroxy- and epoxysterols by
LC-APCI-MS/MS analysis, and they were about 10 fmol
on<columun (data not shown). Thus, highly sensitive LC-
MS/MS analysis after picolinyl ester derivatization can be
used not only for monohydroxysterols but also for dihydroxy-
and epoxysterols.

A few derivatization methods that are suitable for LC-ESI-
MS/MS analysis of dihydroxysterols have been reported,
Griffiths et al. (28) converted oxysterols with a 3p-hydroxy-A®
structure into 3-oxa-A* steroids by using cholesterol oxi-
dase, and then derivatized with the Girard P reagent to
Girard P hydrazone. This method improved the sensitivity
by enhancing ionization and was successfully applied to the
identification of oxysterols in the brain (29). However, this
method has several disadvantages for simple and highly
sensitive quantification of oxysterols in biological samples.
First, two steps are needed to convert 3f-hydroxysterols
into Girard P hydrazone derivatives. Second, the derivatiza-
don gives syn and anti forms with different retention times.
Third, 3B-hydroxysterols with an oxo group are converted
to the mono-and bis-Girard P hydrazone derivatives. Fi nally,
this method produces the same derivative from 7a-hydroxy-
cholesterol and 7a-hydroxy-4-cholesten-3-one, which are
important intermediates in the hepatic bile acid biosyn-
thetic pathway.

Recendy, Jiang, Ory, and Han (30) reported another de-
rivatizing method that converted oxysterols into dimethyl-
glycine esters. This method appears to have overcome the
weaknesses of the above Girard P hydrazone derivatives.
However, overnight incubation at 50°C was necessary to
make the dimethylglycine esters, and the formed dimethyl-
glycine diesters provided a doubly protonated ion. MS/MS
spectra of doubly protonated jons are more complicated
than those of singly protonated jons. Therefore, singly
charged ions are preferable as precursor ions for simple
and highly sensitive MS/MS analysis.

In our picolinyl ester derivatization, Yamashita et al. (31)
reported in a recent stucy that estradiol dipicolinates gave
singly charged jons in the positive ESI mass spectrum. In
the present stucy, oxysterols with two hydroxyl groups were
also derivatized to picolinyl diesters showing singly charged
ions in the positive ESI mass spectra, which appears tobe a
general characteristic of the picolinyl ester derivatization
of steroids with two hydroxyl groups. Because of the better
ionizing efficiency due to the double picolinyl moieties and
a simple MS/MS specira, the detection Jimits of dihydroxy-
sterols (525 amol on-column) were about 100 times lower
than those of monohydroxysterols (260-2,600 amol on-
column) (23).

In addition, our method made it possible to quantify
245,25-epoxycholesterol in biological samples with high
sensitivity (12.5 amol on-column) and specificity. Although
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this epoxycholesterol appears to be one of the most important
regulatory oxysterols for cholesterol homeostasis (10, 14),
the concentrations in biological samples have not been de-
termined widely because of instability during GC-MS analy-
sis and insufficient sensitivity by HPLC with UV detection
(16). In fact, we have measured this epoxycholesterol con-
centration in hepatic tissues by high-resolution GC-MS
after trimethylsilyl (TMS) ether derivatization (32). How-
ever, the derivative became decomposed during GC separa-
tion, giving several peaks with similar mass spectra, and
100 fmol of 248,25-¢poxycholesterol was barely detectable
on-column. Although this sensitivity exceeded that ob-
tained by the HPLC-UV method (16), it was still not suffi-
cient to quantily this epoxycholesterol in small amounts of
biological samples.

Another merit of highly sensitive quantification is that
the loading amount on the HPLC column can be mini-
mized, so that the solid-phase extraction/purification step
was omitted in our assay. In human serumn analysis, less
than 20 pg of oxysterol picolinates was injected on the col-
umn with approximately 200 ng of cholesterol picolinate.
Under our HPLC conditions, this amount of cholesterol
picolinate was easily trapped in the column and eluted
around 29 rin, which was well separated from oxysterols
and did not affect the separation or elution of each oxy-
sterol picolinate. HPLC column separation was very impor-
tant in the present method because many oxysterols have
the same molecular weight and MS spectrum. By changing
the collision energies, the specific M§/MS spectrum of
each oxysterol was observed to some extent, but we se-
lected less-specific SRM ion pairs rather than more-specific
ones because the former showed higher sensitivities and
better signal-to-noise ratios compared with the latter.

The procedure for picolinyl ester derivatization was es-
sentially the samne as that in our previous report (23), but a
few modifications were made. First, the reagent mixture
was prepared by using pyridine instead of tetrahydrofuran,
and the incubation was performed at 80°C for 60 min.
Usually, this esterification progresses easily at room tem-
perature, but the only hydroxyl at the C-25 positon of
25-hydroxycholesterol was resistant to picolinyl ester for-
mation. However, complete esterification of this C-25 posi-
tion was achieved by heating at 80°C for 60 min. After the

derivatization step, excess reagents were precipitated by
the addition of n-hexane, and picolinyl ester derivatives
were recovered in the supernatant.

Serum total (free + esterified) oxysterol concentrations in
19 normal volunteers were measured by our LC-ESI-MS/MS
method (Table 5), and the concentrations of 43-hydroxy-
cholesterol, 7a-hydroxycholesterol, 22R-hydroxycholesterol,
25-hydroxycholesterol, and 245,25-epoxycholesterol
looked higher than those determined by previous methods.
However, 7a-hydroxycholesterol levels determined by our
method did not differ significantly (P > 0.05) from those
by the GC-MS method (33), and 22R-hydroxycholesterol
and 24S8,25-epoxycholesterol levels appeared to be less than
the detecton limits by the HPLC method (34). We cannot
exclude the possibility that some 25-hydroxycholesterol was
produced by cholesterol autoxidation, butit s also possible
that the concentration was not quantified accurately by the
low-resolution GC-MS method. This is because the TMS
ether derivative of 25-hydroxycholesterol did not give an
ideal mass spectrum in the high mass region and m/z 131
was used for the quantification by selected ion monitoring.
In general, high background noise is expected when a low
mass number is selected as a monitoring ion for GC-MS
analysis of biological samples. We have measured 25-hydroxy-
cholesterol and 4B-hydroxycholesterol concentrations hy
using different SRM ion pairs [m/z 635 — 146 (22 V) and
m/z 635 — 512 (20 V), respectively], and virtually the same
results have been obtained.

A recent study using Cyp27al knockout mice demon-
strated that 25-hydroxycholesterol was also synthesized by
CYP27A1 (6). Our results showed that not only 27-hydroxy-
cholesterol but also 25-hydroxycholesterol concentrations
were markedly lower in serum from a patient with CTX,
CYP27A1 deficiency, compared with that from a control
subject (Fig. 2C, D), which lends support to the idea that
a portion of the 25-hydroxycholesterol circulating in hu-
man serum is derived from CYP27A1.

In summary, we have developed a very sensitive and
specific method for the quantification of key regulatory oxy-
sterols in biological samples. Derivatization of dihydroxy-
and epoxysterols into the picolinyl esters allowed them to
be quantified by LC-ESI-MS/MS with excellent sensitivity
and reliability. This method is useful for the study of

TABLE 5. Concentrations of total (free + esterified) oxysterols in normal human seram: comparison with
previous methods

Present Method

Previous Methods

Oxysterol Mean * SD (n = 19) Mean * SD (n) Method (Reference)
ng/ml ng/ml

4f3-Hydroxycholesterol 77 + 40 29 + 10 (125) GCMS (2)
Ta-Hydroxycholesterol 145 £ 82 99 = 43 (12) 43 = 48 (31) GC-MS (33) GC-MS (1)
292R-Hydroxycholesterol 10 £ 18 ND (2) HPLC (34)
24S-Hydroxycholesterol 51 =12 64 = 24 (31) 64 = 14 (22) GCMS (1) LCAPCI-MS (20)
25-Hydroxycholesterol 31 £ 11 2 + 8 (22) GC-MS (1)
27-Hydroxycholesterol 117 + 35 154 + 43 (31) 120 + 30 (22)  GCMS (1) LC-APCI-MS (20)
248 25-Epoxycholesterol 2+2 ND (2) HPLC (34)

LC-APCI-MS, liquid chromatography-atmospheric pressure chemical ionization-mass spectrometry; ND,

not detectable.
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lipid metabolism controlled by oxysterols as well as the screen-
ing and diagnosis of metabolic disorders in oxysterols Al

The authors wish to thank the late Dr. Hiroshi Miyazaki for his
helptul advice regarding mass spectrometry.
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Aim: A large cohott study in Japan revealed that the spe-
cific viral profile may influence the fulminant outcome in
acute hepatitis B virus (HBV) infections, while the genetic
influence on outcome has not been clarified in patients with
acute exacerbation of chronic liver disease caused by HBV.
We experienced a case of fatal liver failure that developed as
the result of chronic HBV infection. To determine possible
genetic factor involving acute exacerbation, genetic analysis
of serum from the patient and his siblings was performed.

Methods: HBV subgenotype as well as pre-core/core-

promoter mutations of samples mentioned above were
determined.

Results: Patient had HBV-Bj with pre-core (1896/1899) and
core-promoter (1762/1764) mutations, the genomic profile
frequently seen in fulminant hepatitis caused by acute HBV
infection.

Conclusion: This result suggests that determination of the
HBV subgenotype and pre-core/core promoter mutations
could provide a rationale for development of a treatment
strategy in asymptomatic HBV carriers.

Key words: hepatits B virus {HBV), fulminant hepatitis,
chronic hepatitis, subgenotype, pre-core/core promoter
mutations

INTRODUCTION

RECENT REPORT has suggested that genotype and

pre-core mutations may influence the fulminant
outcome of acute hepatitis B virus (HBV) infection.' The
report suggests that fulminant hepatitis was frequently
associated with a Bj subgenotype and a lack of HBeAg, as
well as high replication due to a pre-core mutation (PC)
in patients with acute HBV infection. Further, 12 of 22
patients (55%) infected with HBV-Bj developed fulmi-
nant hepatitis, whereas no patients infected with HBV-Ae
did, and that both PC (G:1896A) and core-promoter (CP;
A1762T/G1764A) mutations were significantly more fre-
quent in patients with fulminant hepatitis compared to
those with acute self-limiting hepatitis.’
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The genetic influence on outcome has not been clari-
fied in patients with acute exacerbation of chronic liver
disease caused by HBV. We experienced a case of fatal
liver failure that developed from chronic infection of
HBV. To determine possible genetic factor involving
acute exacerbation, we performed genetic analysis of

- serum from the patient and his siblings and obtained

interesting findings. Although accumulation of data
among a large number of asymptomatic carriers are
needed, it is worthwhile to mention the determination
of subgenotype and PC or CP mutations in asymptom-
atic HBV carriers may give us a rationale to predict futwe
exacerbation of hepatitis and in turn, provide a better
outcome for these patients.

CLINICAL CASE

THE PATIENT WAS a 41-year-old man, born in
Okinawa prefecture. He initially presented with
general fatigue, and a physical examination and blood
tests showed liver dysfunction and jaundice. He did
not have any history of hospitalization. No abnormal
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Table 1 Laboratory data on admission

Blood Cell Count: WBC 5850 (Stab 4.0, Seg 78.0, Lym 11.0,
Mono 7.0), RBC 429 ¥ 10%, Hb 14.4 g/dL, Plt 11.0¥ 10*
Coagulation Tests: PT 9.8% (INR 6.88), Fibrinogen 87 mg/

dl, FDP 9.3 mg/mL
Biochemistry: Na/K/Cl 133/3.8/99 mM, TP 5.7 g/dL, Alb
32g/dL
BUN 7.5 mg/dL, s-Cre 0.6 mg/dL
AST 910 W/l, ALT 1752 U/I, LDH 511 U/l,
ALP 708 U/l, -GTP 150 U/L, ChE 170 U/L
T-Bil 18.1 mg/dL, D-Bil 7.7 mg/dL (D/T = 0.425)
CRP 0.7 mg/dL, NH; 212 ng/dL
Viral Markers: HBsAg (+) (EIA titer 184.83)
IgM-HBc Ab (-), HBc Ab/CLIA (+)
HBeAg (-), HBeAb (+) (99.8% inhibition)
HBV-DNA{TMA 6.6 LGE/ml, HDV-DNA (-)
HCV-Ab (-), IgM-HA-Ab (-), HEV-DNA (-)
CMV-Ab 1gG 10>, CMV-IgM 10>
EBV-anti VCA TgG ¥ 80%IgM 10>
Others: ANA 20.2, anti DNA antibody 80,
Anti Mitochondria Ab 20>

findings were noted at annual physical check-up. He was
considered to be an asymptomatic HBV carrier. The
patient was hospitalized on the day of his first visit.
Follow-up tests showed worsening of liver enzyme
levels and an alteration in consciousness level was
noticed after 2 days. The patient was then referred to
Tsukuba Gakuen Hospital as the development of acute
liver failure was of concern.

Laboratory data on arrival are shown in Table 1.
Elevation of serumn ALT (1754 TU/L) and hyperbililu-
binemia (T-Bil, 18.1 mg/dL) were observed. The patient
was positive for HBVs antigen and HBe antibody, but
markers for other types of viral hepatitis, incdluding
hepatitis A vitus, hepatitis C virus, hepatitis [ virus and
hepatitis E vitus were all negative. The HBV-DNA level
was found to be more than 6.6 log genome equivalents
(LGE)/mL using transcription-mediated amplification.
Prothrombin time was markedly prolonged (PT% = 20)
and an atrophic liver was apparent on abdominal ultra-
sonography. The patient showed disorientation and
pronounced confusion on the day of arrival, and thus
was diagnosed with grade I hepatic encephalopathy.
He was immediately placed on artificial liver support
(ALS) comprising plasma exchange and hemodiafiltra-
tion’ with a combination of interferon beta and lami-
vudine, only nucleic acid analog approved by Japanese
National health [nsurance system at this time, as antivi-
ral therapy (Fig. 1). A large dose of methylpredoniso-

© 2008 The Japan Society of Hepatology
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lone was also administered to suppress a presumably
enhanced host immune response.?

In parallel, we started to discuss liver transplantation
with his family. The patient had four brothers, and three
were considered as possible donors for orthopedic liver
transplantation. However, screening by blood tests and
ultrasonography showed that the three brothers were
positive for HBs antigen, and therefore all were excluded
as donor candidates. A cadaveric liver was unavailable
and thus we had to give up on liver transplantation.
Despite intensive care, the patient complicated with
acute respiratory distress syndrome (ARDS) and acute
renal failure, and died on the 8th day of admission.

GENETIC ANALYSIS OF HBY

ITH THE PERMISSION of the family members,
genetic analysis of HBV in serum acquired from
the patient and family members was performed. HBV
DNA sequences spanning the S gene were determined
by real-time PCR according to the method of Abe et al.,*
with a detection limit of 100 copies/ml. HBV DNA
sequences bearing the CP, PC region, and core gene
were amplified by PCR using hemi-nested primers, as
described previously.! The neighbor-joining method®
was used for phylogenetic analysis of the § region to
classify HBV into subgenotypes. To confirm the reliabil-
ity of the phylogenetic tree, bootstrap re-sampling tests
were.performed 1000 times.
Only the third sibling (“sibling C" in Table 2) showed
an elevated ALT level (50 IU/L), with ALT levels in the

(AST/ALT)
5000

(T-BiVPT)

4000

3000

2000

1000

0 et e e

Qb

Time (year/month/day)

Figure 1 Clinical Course of the patient. ARDS, acute respira-
tory distress syndrome; HDF, hemodiafiltration; IIN, inter-
feron beta; PE, plasma exchange; PT, prothrombin time.
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Table 2 Profile of each sibling

Acute exacerbation of chronic HBV infection 343

Age Sex AST/ALT HBV-DNA HBeAg 1896A/1899A/CP
Patient 41 M 910/1752 6.02 log copy/mL - +/+/+
Sibling A 45 M 36/35 5.25 log copy/mL - +-/-
Sibling B 36 M 28/32 4.68 log copy/ml - +-/-
Sibling C 31 M 31/50 <2.6 log copy/mL - +f+f~

other siblings within the normal range (about 40 HU/L).
None of the siblings were HBeAg-positive. HBV-DNA
loads were highest in the patient, relatively lower in
sibling A and B, and under the detectable range in
sibling C (Table 2). The HBV genotype was determined
based on analysis of the S region. All siblings were
infected with HBV-Bj, a subgenotype that is predomi-
nantly detected in patients who reside in a specific geo-
graphical location (induding Okinawa prefecture) in
Japan. HBV-DNA of patient and all siblings formed
same cluster, thus it is speculated that they were infected
from same source. In fact, the presence of family history
of hepatic disease (their mother died by it) strongly
suggests the vertical infection (Fig. 2). Mutations in the
PC (G1896A) and CP (A1762T/G1764A) were also dis-
covered. As shown in Figure 3, the patient and all sib-
lings had the 1896A mutation, which is consistent with
the absence of HBeAg, and the patient had both the
G1899A and CP mutations (A17621/G17644A). Sibling
C had the: G1899A mutation but not the CP mutation,
and the other siblings had none of these mutations.

DISCUSSION

ULMINANT VIRAL HEPATITITS is thought to occur as
a result of immunoreactions against enhanced viral
replication. Findings associated with immunoresponses
of hosts in fulminant cases are limited, probably due to
the absence of definitive methodology for determina-
tion of individual immunoresponses. Fowever, factors
associated with viral replication have been investigated,
and an HBV subgenotype and PC and CP mutations
have been linked to high replication rates in acute HBV
infection and in turn to fulminant outcome.' Besides
fulminant hepatitis caused by acute infection of HBV,
fatal acute liver failure may also emerge from a previ-
ously unrecognized chronic infection of HBY, but little
is known about the vital factors involved in acute exac-
erbation in chronic HBV carriers.
In the cusrent case, the patient was infected with the
HBV/Bj subgenotype, was HBeAb-positive, and had PC
and CI’ mutations. Although the patient was already an

HBV carrier at the time of onset, his genomic profiles
matched the pattern frequently seen in fulminant hepa-
titis caused by acute HBV infection.! Among the popu-
lation of HBV carriers, patients infected with HBV/Ce
and HBV/Bj are predominant in Japan.*® HBV/Bj is a
specific subgenotype that is present in less than 10% of
HBV carriers, but has a higher prevalence in locations
such as the Northeastern (Tohoku) district of Honshu
and in Okinawa. Patients with HBV/C infection tend to
have chronic sustained inflammation that progresses to
liver cirrthosis and hepatocellular carcinoma, whereas
HBV/Bj more frequently induces HBe seroconversion
via a PC mutation, which results in a lower viral load
and reduced disease severity.'®

Sugiyama et al. determined the intracellular and extra-
cellular HBV DNA levels in Huh-7 cells transfected with
a plasmid canying different genotypes/subgenotypes of
the HBV genome without a CP/PC mutation.”” HBV
DNA levels in cell lysates were highest for HBV/C, fol-
lowed by Bj/Ba and ID/Ae, and lowest for Aa; whereas in
culture media these levels were highest for Bj, with
much lower levels for Ba/C/D, and still lower levels for
AefAa."! Tt was speculated that the strong tendency of Bj
for extracellular virion secretion may endow a high
infectious capacity to blood from individuals infected
with this subgenotype, and that this may trigger strong
immune responses in hosts.!' This characteristic of
HBV/Bj is thought to be associated with earlier serocon-
version from hepatitis Be antigen (HBeAg) to the
corresponding antibody (anti-HBe) and with lower
histological activity.

Acute exacerbation of chronic liver disease (CLID) has
been seen in some patients with chronic HBV/Bj infec-
tion post-seroconversion, with a fatal outcome similar
to that in the curmrent case. In a study of 592 patients, no
significant difference in the frequency of genotype B was
found between patients with CLD and those with acute
exacerbation of CLD (62/531 [11.7%)] versus 4/19
[21.1%); NS),'? but acute exacerbation was seen more
frequently in CLD patients with HBV/B infection (4/62,
6.5%) compared to those with HBV/C infection (13/
459, 2.8%)."? The PC stop codon mutation (G1896A)

®© 2008 The Japan Society of Hepatology
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Figure 2 Subgenotyping of hepatitis B vitus
(HBV). HBV subgenotype was determined
by sequencing of the S gene. Result of phy-

______{ X75858F logenetic analysis of sequences from the

AY090457H pre-S region of HBV in the patient and sib-

AF160501G lings and reference strains from a database

was shown. Reference strains were shown by

b accession number. The scale bar indicates
0.02

and the CP double mutation (A1762T/G1764A) were
detected more frequently in HBV/Bj-infected patients
with fulminant hepatitis compared to those with acute-
self limited hepatitis (56% vs. 0%, and 67% vs. 0%).!
These findings suggest that the replication potential of
HBV/Bj might be stronger in the presence of CP/PC

mutations than in the wild type virus, and OQzasa et al. .

demonstrated enhanced replication capacity of HBV/Bj
with PC or CP mutations compared to wild type in vitro.!

Although HBV/Bj may show highly potent replica-
tion, this may not be the cause of enhanced immuno-
responsiveness in patients with chronic infection of

© 2008 The Japan Society of Hepatology

genetic distance.

HBV/Bj. Rather, CP/PC mutation in HBV/Bj post-
seroconversion may be the factor that facilitates potent
viral replication and acute exacerbation of CLD. The
host-associated factor that influences outcome in
patients with chronic HBV/Bj infection has not been
identified, but these viral characteristics may be predic-
tive factors for future exacerbation. In the current study,
the patient had both PC (G1896A/G1899A) and CP
mutations and a G1896A/(G1899A mutation was found
in one sibling. Although HBV-DNA load in this sibling
is under detectable range right now, a CP mutation in
the future on this sibling may lead to a fatal outcome.
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Figure 3 Nucleotide sequence of the core promoter/pre core region. Core promoter and pre-core region of hepatitis B virus (HBV)
in the patient and siblings were determined. Mutation in core promoter (A1762T, G1764A) and precore (G1896A, G18994) are
indicated in boxes. The sequence of the reference HBV/Bj (AB014366Bj) is shown at the top of the figure.

Therefore, this sibling requires intensive follow-up and
possible early administration of anti-viral drugs espe-
cially under the condition with immunosuppression,
which can facilitate viral replication.

In conclusion, we suggest that analysis of the HBV
subgenotype and CP/PC mutations should be per-
formed during observation of asymptomatic HBV carri-
ers to provide a more accurate understanding of the
dinical presentation and to build an appropriate treat-
ment strategy.
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Highly sensitive quantification of serum malonate,
a possible marker for de novo lipogenesis,

by LC-ESI-MS/MS
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Abstract We describe a new sensitive and specific method
for the quantification of serum malonate (malonic acid,
MA), which could be a new biomarker for de novo lipogen-
esis (fatty acid synthesis). This method is based upon a sta-
ble isotope-dilution technique using LG-MS/MS. MA from
50 1 of serum was derivatized into di-(1-methyl-3-piperidi-
nyl)malonate (DMP-MA) and quantified by LCG-MS/MS us-
ing the positive electrospray ionization mode. The detection
limit of the DMP-MA was approximately 4.8 fmol (500 fg)
(signal-to-noise ratio = 10), which was more than 100 times
more sensitive compared with that of MA by LC-MS/MS us-
ing the negative electrospray ionization mode. The relative

. standard cleviations between sample preparations and mea-

surements made using the present method were 4.4% and
3.2%, respectively, by one-way ANOVA. Recovery experi-
ments were performed using 50 pl aliquots of normal hu-
man serum spiked with 9.6 pmol (1 ng) to 28.8 pmol (3 ng)
of MA and were validated by orthogonal regression analysis.
The results showed that the estimated amount within a 95%
confidence limitwas 14.1 = 1.1 pmol, which was in complete
agreement with the observed X, = 15.0 + 0.6 pmol, with a
mean recovery of 96.0%.0E This method provides reliable
and reproducible results for the quantification of MA in hu-
man serum.—[{onda, A., K. Yamashita, T. Ikegami, T. Hara,
T. Miyazaki, T. Hirayama, M. Numazawa, and Y. Matsuzaki.
Highly sensitive quantification of serum malonate, a possi-
ble marker for de novo lipogenesis, by LC-ESI-MS/MS.
J- Lipid Res. 2009. 50: 2124-2130.

Supplementary key words acetyHCoA carboxylase ¢ carnitine palmi-
toyl transferase 1 ¢ fatty acid synthase  liquid chromatography-electro-
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malonyl-CoA ¢ malonyl-CoA decarboxylase
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Acetyl-CoA carboxylase (ACC) is the rate~controlling
enzyme in the fatty acid biosynthetic pathway, and cata-
lyzes the formation of malonyl-CoA from acetyl-CoA plus
bicarbonate. Malonyl-CoA is not only substrate for fatty
acid synthase (FAS) but is also a potent inhibitor of carni-
tine pahmitoyl transferase 1 (1), the rate-limiting enzyme
of fatty acid B-oxidation. Therefore, malonyl-CoA is a key
molecule that controls fatty acid metabolisin in the body.
In addition, recent studies have shown that the level of
hypothalamic malonyl-CoA is dynamically regulated by
fasting and feeding and that it alters subsequent feeding
behavior (2). oA

To determine ACC activity in tissues, an invasive tis-
sue biopsy is necessary. However, whole body synthesis of
fatty acid may be evaluated by the quantification of serum
malonyl-CoA metabolites. This concept originates from
our previous studies, which showed that serum concentra-
tions of the immediate products of the rate-controlling
enzymes in cholesterol and bile acid biosynthetic pathways
reflected the activities of the rate-controlling enzymes and
whole body cholesterol and bile acid biosynthesis (3).
Furthermore, patients with malonyl-CoA decarboxylase
(MCD) deficiency, who must have increased tissue malo-
nyl-CoA concentrations, are characterized by markedly
clevated urinary malonic acid (MA), called “malonic acid-
uria” (4). This phenomenon suggests that malonyl-CoA
is easily hydrolyzed into MA by an unidentified tissue
thioesterase(s). Therefore, we thought that sermun MA
concentrations might well reflect total body FAS.

Abbreviations: ACC, acetyl-CoA carboxylase; DMP-MA, Di-(1-
methyl-3-piperidinyl) malonate; FAS, fatty acid synthase; MA, malonic
acid (malonate); MCD, malonyl-CoA decarboxylase; MMA, methylma-
lonic acid (methylmalonate); N-ESI, ESI in negative mode; P-ESI, ESI
in positive mode; SA, succinic acid (succinate); SRM, selected reaction
monitoring.
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Although methodological reports for the quantification
of seruin MA are not available, there have been some re-

ports that describe the methods for the detennination of

urinary MA levels in patients with MCD deficiency by gas
chromatography (5, 6) or gas chromatography-mass spec-
tromeny (7). In these methods, urinary organic acids were
extracted with ethyl acetate and converted into trimethyl-
silyl derivatives before analysis. Alternatively, blood malo-
nylcarnitine has been measured for the diagnosis of MCD
deficiency wusing liquid chromatography-tandem mass
spectromety coupled with electrospray ionization mode
(LC-ESI-MS/MS) (8). However, because all of these meth-
ods were developed to diagnose markedly elevated MA
levels in patients with MCD deficiency, the authors did
not pay significant attention to the sensitivities of the
methods.

The aim of this study was to tneasure serum MA con-
centrations in nornal human subjects with sufficient
sensitivity and specificity. For this purpose, serum MA
was derivatized into di-(l-nethyl-3-piperidinyl)malonate
(DMP-MA) and quantified using positive LC-ESI-MS/MS
(LC-P-ESI-MS/MS).

MATERIALS AND METHODS

Chemicals

MA and [**C;]MA were purchased from Sigma-Aldrich Chem-
ical Co. (St. Louis, MO). 3-Hydroxy-1-methylpiperidine and
2-methyl-6-nitrobenzoic anhydride were purchased from Tokyo
Kasei Kogyo (Tokyo, Japan) and 4-dimethylaminopyridine and
formic acid were obtained from Wako Pure Chemical Industries
(Osaka, Japan). Additional reagents and solvents were of analytical
grade.

Sample collection

Blood samples were collected from healthy human volunteers.
After coagulation and centrifugation at 1,500 gfor 10 min, serum
samples were stored at —20°C until analysis. Informed consent
was obtained from all subjects, and the experimental procedures

were conducted in accordance with the ethical standards of the
Helsinki Declaration. Rat serum was prepared in our previous
study (9) and had been stored at ~20°C until it was used in the
present experiments.

Sample preparation

Fifty pl of serum was placed in a microcentrifuge tube (1.5 ml,
Eppendorf, Hamburg, Germany), and 19.2 pmol (2 ng) of [Cy]
MA in 100 pl of acetonitrile as an internal standard. The sample
tube was vortexed for 1 min and centrifuged at 2,000 g for 1 min.
The solution of internal standard in acetonitrile led to depro-
teinization of the sample and the liquid phase was collected and
evaporated to dryness at 80°C under a nitrogen stream. Derivati-
zation of MA into DMP-MA was performed according to the
Shiina method for the synthesis of carboxylic esters (10) with some
modifications. The reagent mixture for derivatization consisted
of 2-methyl-6-nitrobenzoic anhydride (67 mg), 4-dimethylamino-
pyridine (20 mg), pyridine (900 ), and #hydroxy-1-methyl-
piperidine (100 pi). The freshiy prepared reagent mixture (100
) was added to the serum extract and the reaction mixture was
allowed to stand at room temperature for 30 min. After the addi-
tion of 2 ml of n-hexane, the mixture was vortexed for 30 s and
centrifuged at 700 g for 2 min. The clear supernatant was col-
lected and evaporated at 80°C under nitrogen. The residue was
redissolved in 50 pl of 1% formic acid in water and an aliquot (1
pl) was injected into the following LC-MS/MS system.

Determination of DMP-MA by LC-P-ESI-MS/MS

The LGMS/MS system consisted of a TSQ Quanwum Ultra
quadrupole mass spectrometer (Thermo Fisher Scientific, San
Jose, CA) equipped with an H-ESI probe and a Nanospace SI-2
HPLC system (Shiseido, Tokyo, Japan). Chromatographic sepa-
ration was performed using a Hypersil GOLD aQ column (150 x
2.1 mm, 3 wm, Thermo Fisher Scientific) at 40°C. Initially, the
mobile phase was comprised of 0.2% formic acid in water and
was used at a flow rate of 200 pl/min for 5 min, and it was then
switched to 0.2% formic acid in acetonitrile at a flow rate of 300
pl/min for an additional 3.5 min. The general LC-MS/MS condi-
tions were as follows: spray voltage, 1000 V; vaporizer tempera-
ture, 350°C; sheath gas (nitrogen) pressure, 50 psi; auxiliary gas
(nitrogen) flow, 40 arbitrary units; ion wransfer capillary tempera-
ture, 350°C; collision gas (argon) pressure, 1.5 mTorr; collision
energy, 15 V; and ion polarity, positive.

MW=298 [M+H]*
o 0 299

o) Q—Q—C —CH,~-C~O

b N

c% / oH

9 CH, CH,

C

3

2 [M+2H]2

2 [CoH N-+H]*

© 98

[«b]

(14 i [M+H-C.H, NJ*

202
0- ..M,J..*«._,.L.T... T —— l...‘;‘..‘,,._‘,r;‘.r‘.,,...A‘....,,A..,.A.._l
100 150 200

250 300 350 400

m/z

Fig. 1. Typical P-ESI mass spectrum of the DMP-MA. The general LC-MS/MS conditions were as described

in Materials and Methods.
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Determination of MA by LC-N-ESI-MS/MS

LCnegative (N)-ESI-MS/MS analysis of MA was carried out us-
ing the same LG-MS/MS instrument described above. Hypersil
GOLD column (150 x 2.1 mm, 3 pm, Thermo Fisher Scientific)
was used at 40°C. The mobile phase consisted of methanol-water
(5:95, v/v) containing 0.2% formic acid and was used at a flow
rate of 200 pl/min. The general LC-MS/MS conditions were as
follows: spray voltage, 4000 V; vaporizer temperature, 350°C;
sheath gas (nitrogen) pressure, 50 psi; auxiliary gas (nitrogen)
flow, 30 arbitrary units; ion transfer capillary temperature, 300°C;
collision gas (argon) pressure, 1.5 mTorr; collision energy, 15'V;
and ion polarity, negative.

Statistics

Data are reported as the mean + SD. Linearity of the calibra-
tion curve was analyzed by simple linear regression. Reproduc-
ibility was analyzed by one-way ANOVA (JMP software, SAS
Institute, Inc., Cary, NC). The estimated amount & 95% confi-
dence limit was obtained as an index of precision (11). To calcu-

late the values, orthogonal regression analysis was performed in
the recovery study by using JMP software. For all analyses, signifi-
cance was accepted at the level of P<0.05.

RESULTS
Selected reaction monitoring

A typical ESI positive mass spectrum of the DMP-MA is
shown in Fig. 1. This DMP ester derivative cxhibited
[M+H]" ion at m/z 299 as the base peak. In the MS/MS
spectrum using m/z 299 as a precursor ion, the (G .(~,I'{1|N+I~-I]+
ion was observed at m/z 98 as the most prominent peak.
The selected reaction monitoring (SRM) was conducted
using m/z 299 — m/z 98 for the DMP-MA and m/z 302 —
m/z 98 for the ['3(}3] variant. We also monitored m/z
299 — m/z 202, a product ion containing the MA molecule

1
: A 4— DMP-MA 4.8 fmol
70 2.53e+04

m/z 299 = 98

=2}
o

paatbeany

Relative Abundance
8

407
307
207
103
c'||l|[ll|lI|||l|l|ll|l|‘l||IlI|ll||||IlI]
2.5 3.0 35 6.5 Fig. 2. Comparison of the detection limit of
DMP-MA by LC-P-ESI-MS/MS at m/z 299 — m/z 98
(A) with that of MA by LCN-ESI-MS/MS at m/z
100 ¢ 103 — m/z 59 (B). Authentic standard of DMP-MA
] B MA 480 fmol (4.8 fmol) or MA (480 fmol) was injected into the
90 HPLC. The numbers written above the SRM ion pair
E represent the full scale of the chromatogram.
80
ot ]
c 70
8 3
c 607
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Fig. 3. Calibration curve for the weight ratio of MA to the corre-
sponding deuterated internal standard. Linearity was checked by
simple linear regression and the equation for the line of best fit was
y = 0.948x + 0.021 (n = 6; r= 1.000; P<0.0001).

but the former showed much better signal-to-noise ratio
than the latter.

By N-ESI mode, authentic MA exhibited [M~H | ion at
m/z 103 as the base peak. In the MS/MS spectrum, the
CH;COO™ ion was observed at m/z 59 as the most promi-
nent peak. The SRM was conducted using m/z 103 — m/z
59 for the MA.

Comparison of the sensitivities between P-ESI and N-ESI
methods

To compare the sensitivity of DMP-MA by LC-P-ESI-MS/
MS with that of MA by LCN-ESI-MS/MS, the standard
DMP-MA or MA solution was diluted and injected into the
LCG-MS/MS system. As shown in Fig. 2A, the DMP-MA was
easily detected to 4.8 fmol by LG-P-ESI-MS/MS, with a signal-

to-noise ratio of 10, whereas the conventional LC-N-ESI-MS/
MS was barely able to detect 480 finol of MA (Fig. 2B).

Calibration curve

A calibration cuwrve was established for MA (Fig. 3).
Each of different amounts (2.4, 4.8, 9.6, 19.2, 38.5, and
76.9 pmol) of authentic MA was mixed with 19.2 pmol of
[lS(IS]MA, derivatized to the DMP ester and quantified as
described in the Materials and Methods. The weight ratio
of MA, relative to the corresponding PClabeled internal
standard, was plotted on the abscissa and the peak-area
ratio of the DMP-MA to the [13(13] variant mneasured by LC-
P-ESI-MS/MS was plotted on the ordinate. The linearity of
the standard curve, as determined by simple linear regres-
sion, was excellent for weight ratios between 0.125 and 4.0
(n = 6; r=1.000; P<0.0001).

Representative SRM

Figure 4 shows typical SRM chromatograms for DMP-MA
and the [13(13] variant obtained with 50 pl sera from a nor-
mal human (A) and a control rat (B). The peak-area ratio
of the DMP-MA to the ['3(13] variant was calculated from
the chromatograms, and MA amount was determined by
applying the ratio to the calibration curve. The peaks of
DMP-MA in chromatograms A and B correspond to ~0.66
pmol (0.66 uM) and ~4.43 pmol (4.43 pM), respectively.

Precision and accuracy of the LC-P-ESI-MS/MS method
The following studies were performed to determine the
precision and accuracy of the present method using the
same serum obtained from a normal human subject. Re-
producibility was investigated by analyzing four samples in
triplicate by LCG-P-ESI-MS/MS (Table 1). The results were
analyzed by a one-way ANOVA in which the analytical er-
rors were divided into two sources, sample preparation

3 A 6.65¢+405 B 1.62¢+06
o m/z 299 - 98 - m/z 299 > 98
] ] DMP-MA
60 60-]
o ]
Q  40]
c 3 DMP-MA —~> e
T 2] 20
g :\’\"\/\\A_ N b
o 0
4 1 1.24e405 1003 160e+05
,0>_) DMP-[C,]MA —» m/z 302 - 98 o] OMP{"CjMA — m/z 302 - 98
kS ]
2 -3
407
20
e e R AN = S GO
cl||lllllllll]llll|[| cl\]i|||||||l||»|||||
3 4 L
Time (min) Time (min)

Fig. 4. Representative SRM chromatograms of DMP-MA and its (4 variant (internal standard) obtained from 50 pl sera of a normal
human (A) and a rat (B). The peaks of DMP-MA in chromatograms A and B correspond to ~~0.66 pmol (0.66 uM) and ~-4.43 pmol (4.43
M), respectively. The numbers written above the SRM ion pair represent the full scale of the chromatogram.
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TABLE 1. Reproducibility in the quantification of MA in human
serum: analytical data

Sample Individual Values Mean t SD
pmol

A 15.0 15.7 15.0 15.2 + 0.38

B 14.4 15.6 155 15.2 + 0.67

C 14.7 14.4 14.2 14.5 + 0.29

D 15.6 15.6 14.7 15.3 +0.48

Mean +SD 15.0 + 0.58

MA was quantified in 50 pl of normal human serum.

and SRM measurement. The variances were not consid-
ered to be atiributable to the sample preparation because
the errors during sample preparation were not significandy
larger than those between the measurements (Table 2).
The inter-assay coefficients of variation for the between-
and within-sample variations were 4.4% and 3.2%, respec-
tively.

For the recovery experiments, known amounts of MA
(a, 2a, 3a; a = 9.6 pmol) were spiked into 50 pl aliquots of
the serum samples (1 = 2). After the clean-up and derivati-
zation procedures, SRM was carried out in triplicate for
cach sample. The recoveries of the known spiked amounts
of MA ranged from 94.5% to 99.0%, with a mean of 96.0%
(Table 3). In addition, the amount of endogenous MA
found in unspiked 50 pl serum aliquots was within the
95% confidence limit for the estimated amount of MA cal-
culated by orthogonal regression analysis, which also con-
stituted an index for the precision and accuracy of the
present method.

The circadian rhythm of MA levels in human sera

Figure 5 depicts the circadian rhythin of the serum con-
centrations of MA in a healthy male. Postprandial increases
of MA concentrations (maximum 235% after dinner) were
observed and the levels peaked between 2.5 and 6.5 h post-
meal. The increase of MA concentration disappeared after
skipping breakfast on the second day, which supports the
idea that the diurnal pattern of serum MA concentrations
is controlled mainly by food intake.

DISCUSSION

We describe a sensitive new LCGP-ESI-MS/MS method
for the quantification of MA in serum. LC-N-ESI-MS/MS
may be more suitable for the determination of negatively
charged compounds, such as organic acids because the
method does not require a derivatization step. However,

as shown in Fig. 2, the sensitivity of N-ESI was not sufficient
to quantify MA concentrations in a small volume of nor-
mal human serum.

Recently, we derivatized another organic acid, me-
valonate, into mevalonyl-(2-pyrrolidin-1-yl-ethyl)-amide
and measured it using LCG-P-ESI-MS/MS (12). In this
method, mevalonate was lactonized into mevalonolactone
and then a tertiary amine moiety was introduced by a char-
acteristic amidation reaction with a primary alkylamine. As
a result, the tertiary amine moiety markedly promoted
protonation and attomole levels of nevalonate were
detected. In the present study, tertiary amine moieties
were successfully introduced to MA by esterification with
3-hydroxy-1-methylpiperidine. Thus, the reaction for the
synthesis of carboxylic esters by Shiina et al. (10) appears
to be useful not only for the derivatization of alcohols (13)
but also for that of carboxylic acids. This derivative,
DMP-MA, exhibited [M+H]" as the base peak by P-ESI-MS
and the detection limit by SRM was more than 100 times
Jower than that of underivatized MA by SRM with N-ESI
mode.

The derivatization and purification steps in this method
are very simple but it should be mentioned that there are
two pitfalls to obtaining reliable and reproducible results.
First, use of the anion exchange column cartridge gave un-
expectedly high values of MA concentrations. Serum MA
was extracted by this cartridge and interfering peaks on
SRM chromatograms were markedly reduced by the addi-
tion of this purification step. However, the recoveries of
known amounts of MA from this cartridge were always
more than 100%, and additional experiments suggested
that a significant amount of MA was produced from un-
known substance(s) in organic solvents by this anion ex-
change column (data not shown). Plasina methylmalonic
acid (MMA) and its isoiner succinic acid (SA) are also
known to be extracted by this column (14). We have de-
rivatized MMA and SA into DMP-MMA and DMP-SA, re-
spectively, and analyzed them by the same HPLC condition
as that for DMP-MA. The SRM was conducted using m/z
313 — m/z 98 for both DMP-MMA and DMP-SA. The re-
sults showed that DMP-MMA and DMP-SA were much
more hydrophobic than DMP-MA and both compounds
were cluted during washout phase with 0.2% formnic acid
in acetonitrile (after 6 min).

Second, pH of the final sample solution should not
be more than 7 because an alkaline condition easily hy-
drolyzes DMP-MA. After the derivatization step, most
of the excess reagents and hydrophilic impurities were

TABLE 2. Reproducibility in the quantification of MA in human serum: ANOVA

Source N f |4 Fy Relative SD

%
Sample preparation 1.203 3 0.431 1.89 4.4
Error (SRM) 1.820 8 0.228 3.2
Total 3.113 11

F3,8,0.05)=4.07

§, residual sum of squares; £ number of degrees of freedom; f, fumpie preparationt Jo ferrat V2 unbiased variance; Fp,
observed value following F distribution variance ratio (Ve preparation/ Verror)s Ry for @), density function of F

distribution with f; and f; degrees of freedom.
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Malonate concentration (uM)

TABLE 3. Recovery of MA from human serum

Sample (X, + na) Amount Recovery” Estimated Amount + 95%

(n=0,1,23) Added Amount Found (Mean t SD) Confidence Limit®
pmol % pmol

X 0 X, +SD = 15.0 + 0.6° 14.1 £ 1.1

Xota 9.6 23.6 25.2 25.0

Xota 9.6 24.2 23.6 23.3 94.5 + 8.2

Xy + 2a 19.2 33.2 32.1 32.0

X+ 2a 19.2 33.9 34.1 34.0 94.6 + 5.1

Xo+ 3a 28.8 43.8 43.9 43.0

X+ 3a 28.8 44.1 43.6 43.2 99.0 + L5

Known amounts of MA were spiked into 50 pl of normal human serum before sample preparation.

“The value was obtained from Table 1.

L Recovery (%) = (amount found - X)) / amount added x 100.
“The estimated amount was calculated by orthogonal regression.

precipitated by the addition of n-hexane but significant
amounts of 3-hydroxy-1-methylpiperidine and 4-dimeth-
ylaminopyridine were recovered with DMP-MA in the final
residue of the extract. Therefore, it was necessary to dis-
solve the final resicdue in 1% formic acid in water to keep
the pH of the solution less than 7. The mobile phase of the
HPLC (0.2% fonnic acid in water) was not sufficient to
neutralize the final extract.

The highly sensitive quantification of serum MA can be
useful for monitoring of de novo FAS, also called de novo
lipogenesis, in normal humans. The diurnal variation of
serum MA levels in a healthy human (Fig. 5) was similar to
the variation of de novo FAS determined in humans by
continuous intravenous infusion of sodium ll-ls(llacemtc
and mass isotopomer distribution analysis (15, 16). Ac-
cording to Timlin et al. (16), de novo FAS peaked 4.2 h
after ingestion of a meal whereas lipoprotein-triacylglyc-
erol concentrations peaked at 2.0 h postmeal. Another
study, by Hudgins et al. (15), showed that the maximum
values of de novo FAS occurred in the evening, 3.0-9.0 h
after the last meal, although the peak after every meal was

1.4
1.2
1.0 1
0.8 -

0.6

0.4

0.2 4

e

6:00 am. 12:00 p.m. 6:00 p.m. 12:00 a.m.
Time of Day

6:00 a.m.

12:00 p.m.
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not detected because a limited number of postprandial
data points were obtained. In our data, postprandial in-
creases of MA concentrations peaked between 2.5 h and
6.5 h after meals and the maximum value was observed in
the night 6.0 h after dinner. In addition, the increase of
MA concentration disappeared after skipping the meal.
Thus, serum MA concentrations are regulated by food in-
take and appear to be a good marker that reflects de novo
FAS in normal humans.

Because serum MA concentrations correlate well with
de novo FAS, the most important enzyme that deternines
seruin MA concentration is thought to be ACC, the rate-
limiting enzyme in the fatty acid biosynthesis. In mammals,
two ACC isoforms exist. Cytosolic ACCI synthesizes malo-
nyl-CoA, which participates in both de novo FAS and nega-
tive regulation of B-oxidation. In contrast, malonyl-CoA
synthesized by mitochondrial ACC2 acts mainly as an in-
hibitor of B-oxidation (17). We cannot clarify at present
which ACC contributes to serum MA concentration but
both ACCs regulate de novo lipogenesis in a coordinated
and complementary manner (18).

Fig. 5. The circadian rhythm of the serum levels of
MA in a healthy volunteer. Blood samples were taken
every 2-3 h. On the first day the volunteer consumed
a normal hospital diet at 7:30 AM, 1:30 PM, and 9:30
PM (indicated by the arrows), and slept from 12:00
AM to 7:00 AM (indicated by the shaded box). On
the second day the volunteer did not cat breakfast
but consumed a normal hospital diet at 12:30 PM.

6:00 p.m.

2129

1102 ‘Z YoIB UO ‘ALISHIAINN VNIHSOUIH 18 510°if mmm woyy pepeojumoq



JOURNAL OF LIPID RESEARCH

1

Under special conditions, however, other enzymes,
MCD, and FAS can also be determinants of tissuc malonyl-
CoA levels and seram MA concentrations. For exainple,
when MCD actvity is reduced, such as with MCD defi-
ciency, serum MA concentrations are elevated. Alterna-
tively, when FAS is blocked by any drugs, such as €75 and
cerulenin (2), MA concentrations increase in spite of re-
duced de novo FAS. Therefore, it is important to rule out
the presence of such special conditions when we use se-
rum MA as a biomarker for de novo FAS.

In summary, we developed a new method for the quan-
tification of MA in human serum, which can be a good
marker for de novo FAS. Derivatization of MA into
DMP-MA allowed it to be quantified by LC-P-ESI-MS/MS
with excellent sensitivity. Recovery and reproducibility ex-
periments verified that this method provided highly reli-
able and reproducible analytical results. B8

The authors wish to thank the late Dr. Hiroshi Miyazaki for his
helpful advice regarding mass spectrometry.
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The associated markers and their limitations for
the primary screening of HCV carriers in
public health examination
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Aim: Although the anti-hepatitis C virus (HCV) antibody test
has been recommended to the whole Japanese population,
most countries have not implemented it. The present study
aims to re-evaluate the usefulness of markers examined in the
general health examination for the initial screening of HCV
carmers.

Methods: Of the overall population, 25 142 individuals
(8876 males, 16 266 females) participated in health examina-
tions with HCV tests in 2005, and the most commonly associ-
ated markers for HCV-positive subjects were explored by
multivariate analysis, based on blood hiochemical, physical,
sphygmomanometric and hematological parameters. There-
after, the efficiencies of the markers were estimated from a
total population of 85 013 individuals (29 502 males, 55 511
females) in 2003-2005.

Resuits: The most significantly associated markers for HCV
positivity were aspartate aminotransferase (AST) and alanine
aminotransferase (ALT). Optimal limits of ALT and AST by
receiver-operator characteristic (ROC} analysis were 24 and
27 U (male, 33 and 28 IU; female, 22 and 26 IU), respectively.
However, one-quarter of HCV carriers were not found to be
positive using the optimallimits of aminotransferases.
conclusion: The present study confirmed the limitation of
serum aminotransferase levels as markers of HCV for primary
screening. Therefore, at present, an anti-HCV antibody test is
required for the efficient screening of HCV carriers in all health
examinations.

Key words: aminotransferases, HCV, health examination

INTRODUCTION

NFECTION WITH HEPATITIS C virus (HCV) has

been the leading cause of liver cirrhosis, and the con-
sequent development of hepatocellular carcinoma, for
the past few decades. The number of HCV carriers has
increased worldwide. Indeed, the World Health Organi-
zation (WHO) estimates that about 180 million people,
that is 3% of the wotld’s population, are infected with
HCV, and 3-4 million people are newly infected every
year, 70% of whom develop chronic hepatitis.!

Based on early detection and treatment, it is very
important to detect HCV carriers as early as possible, for
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example, in public health examinations. HCV carriers
are diagnosed by the detection of HCV-RNA and/or
anti-HCV antibody using the judgment system of HCV
infection established since 2002 in Japan (Fig. 1).
Generally, subjects who have abnormally high levels of
serum alanine aminotransferase (ALT) as well as aspar-
tate aminotransferase (AST) are recommmend to take
thorough examinations for liver diseases, including the
HCV tests. However, there is an issue that most HCV
carriers are considered to be asymptomatic and paucis-
ymptomatic, and that approximately 30% of chronic
HCV carriers persistently exhibit normal ALT levels
(PNAL), while another 40% exhibit minimally elevated
ALT levels.*® Consequently, these asymptomatic and
paucisymptomatic T1CV carriers fail to be detected by
the primary screening using serum ALT levels in public
health examinations. Importantly, these asymptomatic
HCV carriers with PNAL have significant histological
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Figure 1 Flow chart showing the course of medical examination for hepatitis C virus (HCV). The diagnosis of HCV infection was
conducted in accordance with the guidelines for the medical examination of HCV issued by the Japanese Ministry of Health, Labour
and Welfare. COI, cut off index; HCV, hepatitis C virus; NAT, nucleic acid amplification test.

liver damage, similar to that in HCV carriers with raised
ALT levels, and moderate to severe hepatitis has fre-
quently been found in asymptomatic HCV carriers com-
pared with HCV carriers with raised ALT levels.”
Accordingly, the optimal serum ALT limits for the
screening of HCV carriers have been subject to
debate 3 However, what is considered a healthy
range of ALT levels compared with liver disease differs
between medical institutes, centers, hospitals, regions
and countries. Almost all of the normal ALT ranges for
liver disease are less than 40 IU,” however, Prati et al.
reported that the upper limits of the healthy range dif-
fered between genders; 30 1U and 19 [U for males and
fernales, respectively; calculated as the value of the
95th percentile in normal subjects from a population
at the lowest risk for liver disease.® Furthermore,
Okanoue et al. defined asymptomatic HCV carriers as
those with PNAL less than 30 1l based on the histo-
logical fibrosis stage in a follow-up study.! In Japan,

serum ALT levels under 35 1l had been considered to
be within the healthy limit for diagnosis of liver dis-
eases, but in 2008, the health limit was reduced to
under 30 [U, for both ALT and AST, as suggesting liver
disease in public health examinations, based on the
guidance for antivirus therapy of HCV.? Based on
these facts, it has not been actually darified whether
these markers are effective and whether the optimal
limit points are useful or not for the detection of
asymptomatic and paucisymptomatic HCV carriers.
Therefore, in Japan, the anti-HCV antibody test has
been recommended to the whole of the population
during public health examinations.'*'

The purpose of the present study was to re-evaluate
the effectiveness of serum aminotransferase levels as
markers in the primary screening for HCV carrier detec-
tion in over 85 000 subjects in the annual public
medical health examination for 3 years between 2003
and 2005.
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METHODS

Population in the health examination

TOTAL OF 85 013 individuals (29 502 males,
55 511 females), including non-employees, local
residents, self-employed persons, farmers, housewives
and retired persons participated in the biochemical
examination of serum ALT and AST levels as part of the
annual public health examination and HCV testing
during the 3 years frorn 2003 to 2005 in Ibaraki Prefec-
ture, Japan. HCV testing was carried out based in part
on a project of urgent comprehensive countermeasures
against hepatitis and HCC at the ages of 40, 45, 50, 55,
60, 65, or 70 for five years supported by the Japanese
Ministry of Health, Labour and Welfare. In the health
examination in 2005, in addition to the measurement
of serum ALT and AST levels, 25 142 subjects (8876
males, 16 266 females) underwent examination of
v-GFP level, diastolic and systolic blood pressure, hemo-
globin, hematocrit, red blood cell count (RBC), total
cholesterol, triglyceride, glucose and glycohemoglobin
(HbA,). Body mass index (BMI) was calculated by
dividing the weight in kilograms by the square of the
height in meters.” All of the health examinations with
seruma biochemical analyses, as well as the HCV tests,
were carried out with the Tbaraki Health Service Asso-
ciation (Mito, Japan).

The determination of HCV carrier status

The determination of the presence or absence of HCV
infection was performed in accordance with the guide-
lines for the medical examination of HCV issued by the
Japanese Ministry of HHealth, lLabour and Welfare, as
summuarized in Figure 1. Serum collected from the sub-
jects during the medical examination was first measured
for the HCV titer using a chemiluminescent enzyme
immunoassay for HCV antibody (Lumipulse®, Fujirebio
Inc, Tokyo, Japan). Subjects with serum HCV titer
beneath a cut-off index (COI) of 1 were determined to
be HCV negative. Those subjects with a COI > 1 were
divided into three classes dependent on the levels of the
HCV titer: low titer, COI under 5 and more than 1;
medium titer, COIl under 50 and more than 5; high titer,
COI more than 50. The subjects in the high titer class
were determined to be HCV positive. The subjects clas-
sified to the low and medium titers underwent the HCV
antigen test analysis for the HCV core protein. Subjects
with more than 50 fmol/L. of HCV antigen were deter-
mined to be HCV positive. When the HCV antigen was
under 50 fmol/L, a nucleic acid amplification test (NAT)
was conducted for HCV-RNA detection. The subjects
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with positive and negative results by the NAT were
finally determined to be HCV positive and negative,
respectively.

Other investigated data in 2005

In the data from 2005, the most relevant factor for HCV
positive status was determined statistically by multivari-
ate analysis and the ROC curve. As a result of the ROC
curve in 2005 (Table 1), the ROC curves for ALT and
AST levels in serum were drawn from data for 3 years
between 2003 and 2005 to evaluate the effective cut-off
points to avoid false negative and positive findings for
HCV.

Statistical analysis

Data are presented as the mean + SE, the percentage and
the percentiles. Significant differences were determined
by unpaired Student’s t-test or one-way ANOVA with
Bonferonni's post-hoc test for comparisons between two
groups or among multiple groups, respectively. The sta-
tistical analysis was performed using SPSS Il software
version 11.0 (SPSS Inc, Chicago, 11, USA). Multiple
regression analyses were made using the stepwise
method. The upper-left cut points for the HCV positive
were chosen from likelihood value based on the ROC
curve. ROC comparison was performed by calculation
of the area under the curve and 95% confidence
intervals using the technique described by Hanley and
McNeil.*¢ R

RESULTS

Basic data, and the ROC and multivariate
analyses of the health examinations in 2005

ASIC DATA OF all examined parameters in the
health examinations in 2005 are shown in Table 2.
The levels of serum ALT, AST and y-GPT were signifi-
cantly and markedly higher in the HCV positive than in
the HCV negative subjects, for both genders. These
serum levels were significantly higher in males than in
females in all of the HCV negative and positive cases.
Table 1 presents the results of ROC and multivariate
analyses in the respective parameters for HCV positive
status from data in 2005. The most significant relevant
parameter for HCV positive status was the serum AST
level, followed by the serum ALT level. There were other
significant parameters (P < 0.05), but the areas of the
ROC curve for these parameters were less than 0.7. BMI
and serum levels of triglyceride and total cholesterol
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Table 1 Area under the receiver-operator characteristic (ROC) curve and multivariate analysis and the respective parameter for

HCV positive subjects examined in 2005

Parameter ROC curve area SE P-value 95% CI

AST 0.849 0.018 0.000 0.814-0.884
ALT 0.788 0.021 0.000 0.747-0.829
Hemoglobin 0.654 0.028 0.000 0.598-0.709
Age 0.642 0.026 0.000 0.591-0.692
Hematocrit 0.642 0.027 0.000 0.589-0.695
¥-GTP 0.622 0.028 0.000 0.508-0.677
Glucose 0.613 0.025 0.000 0.564-0.662
RBC 0.558 0.029 0.029 0.501-0.614
Systolic pressure 0.547 0.029 0.077 0.491-0.603
Diastolic pressure 0.528 0.028 0.289 0.473-0.583
Height 0.519 0.027 0474 0.466-0.572
Weight 0.505 0.027 0.860 0.451-0.558
HbAlc 0.504 0.028 0.872 0.449-0.559
BMI 0492 0.025 0.760 0.443-0.457
Triglyceride 0.409 0.025 0.001 0.361-0.330
Total cholesterol 0.278 0.027 0.000 0.226-0.330

ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; CI confidence interval; HbAlc, glycohemoglobin; RBC,

red blood cell count; y-GTP, gamma-glutamyl transferase.

were related to HCV negative status but not HCV posi-
tive status. In particular, the total cholesterol level was
the most relevant parameter for the HCV negative status.
Based on the results of these analyses, the ROC curves
for the serum AST and ALT levels of the HCV positive
subjects among gach gender were drawn from data for
3 years between 2003 and 2005.

As result of stepwise discrimination analysis, a
combination of four parameters, AST, ALT, age and
total cholesterol, gave the maximum likelihood. The
established discrimination formula was as follows:
7= 10.472 - 0.001 x (AST, TU)+0.027 x (ALT, 1U) +
0.057 x (age, year) — 0.025 X (total cholesterol, mg/dL).
However, the calculated predictive value for HCV posi-
tive ratio was only 6.61% using the formula.

HCV positive ratio and distribution of
aminotransferases in HCV positive
populations for 3 years
There were 787 HCV positive subjects (male, 406;
female, 381) and the positive ratio was 0.93% (male,
1.38%; female, 0.69%) for 3 years between 2003 and
2005. The range of ages for the HCV positive subjects
was 29-87 years old (male, 29-87 years; female,
40-84 years).

The distributions of serum ALT and AST levels were
expressed as percentiles by age in the HCV positive
populations for both genders (Fig. 2). In males, the

levels of both aminotransferases, in particular ALT,
were elevated in those aged less than 65 years, and
there were large variations of these levels in all age
ranges (Fig. 2a). However, there were no differences in
the distribution of levels of both aminotuansferases
among the age ranges in females, and the variations of
these levels were small compared to those in males
(Fig. 2b).

The distribution of HCV positive subjects
using the current limit points

Those who were detected as being HCV positive in
2003-2005 were divided into four cut-off ranges (A-D)
by ALT and AST levels at 30 U, that is the current limit
point (Fig. 3). There was significant difference in the
ratio balance of HCV positive between genders assessed
by %* analysis (P <0.0001). In range A, which means
the false-negative of HCV positive, the HCV positive
rates of male and female were 25.9% and 47.0%,
respectively. In range A, almost of half of female HCV
positive subjects were classified as false-negative. In
contrast, the ratios in range ID were 56.3 and 39.8% in
males and females, respectively, and over half of HCV
positive subjects in males were included in range D. In
males, the ratio in range B was 10.5% and higher than
that (7.4%) in range C. In contrast, in females, the ratio
in range B was only 4.3% and lower than that (9.0%)
in range C.
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