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Highly sensitive lens culinaris agglutinin-reactive
o-fetoprotein is useful for early detection of hepatocellular
carcinoma in patients with chronic liver disease
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Abstract. The fucosylated fraction of a-fetoprotein (AFP-
L3) is a specific marker for hepatocellular carcinoma (HCC).
However, conventional AFP-1.3% (c-AFP-L3%) has not always
been reliable in cases with low serum o-fetoprotein (AFP)
levels. In this study, we evaluated the clinical utility of a newly
developed assay, highly sensitive AFP-L3% (hs-AFP-L3%).
Subjects included 74 patients with benign liver disease (BLD),
including chronic hepatitis and cirrhosis, and 94 with HCC.
Serum hs-AFP-1.3% was significantly higher than c-AFP-L3%
in patients with early-stage HCC (solitary or <20 mm in diam-
eter). Additionally, hs-AFP-1.3% was significantly increased
in patients with well-differentiated HCC. In patients with
serum AFP <20 ng/ml, the sensitivities of c-AFP-L3% and
hs-AFP-L3% were 12.5 and 44.6%, respectively, at a cut-off
value of 5%. In 59 BLD patients with serum AFP <20 ng/ml,
the HCC-positive rate in patients with hs-AFP-L3% =5% was
significantly higher compared to those with hs-AFP-L3% <5%
during the follow-up period (median, 35 months; range, 5-48
months). Importantly, none of the BLD patients with both
serum AFP <20 ng/ml and hs-AFP-L3% <5% developed HCC.
These results indicated that hs-AFP-L.3% is useful for early
detection of HCC in BLD patients, even for those with serum
AFP <20 ng/ml. Furthermore, since hs-AFP-L3% increases
before HCC is detectable by various advanced imaging modali-
ties, this assay may help identify BLD patients with a higher
risk of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
cancer in the world, and the third most common cause of
cancer-related death (1). Although it is more common in Asia
and Africa, its incidence in the United States has increased
over the past two decades, largely due to the spread of hepa-
titis C (HCV) infection, which is an underlying risk factor (2).
Early detection of HCC increases the potential for curative
treatment and improves prognosis. Several methods developed
for the diagnosis of HCC, including evaluation of serum
markers, ultrasonography (US), computed tomography (CT)
and magnetic resonance imaging (MRI), have been tested
clinically. a-fetoprotein (AFP) and des-y carboxy prothrombin
(DCP), serum proteins that are elevated in HCC, are the most
widely used markers. Although routine screening offers the
best chance for early tumor detection, the reported sensitivities
and specificities of elevated serum AFP and DCP levels vary
significantly (3-8). Furthermore, serum AFP levels increase
in only 30-40% of patients with HCC, especially early in the
disease process (5). Additionally, an increase in serum AFP is
also seen in patients with non-cancerous conditions, including
cirrhosis or exacerbation of chronic hepatitis (9). AFP-L3, the
lectin lens culinaris agglutinin-bound fraction, is one of the
three glycoforms of AFP, and is the major glycoform elevated
in the serum of HCC patients. The reported sensitivities of
AFP-L3 as a method of detecting HCC range from 75-97% with
specificities of 90-92% (10,11). In cases of HCC, however, high
percentage of AFP-L3 is closely associated with poor differ-
entiation and biologically malignant characteristics, including
portal vein invasion, of neoplastic cells (11,12). Therefore, it
is not clear how useful this test is for the early detection of
HCC. Additionally, measurement of AFP-L.3 has not always
been reliable for serum samples with low total AFP concen-
tration, as determined by conventional lectin affinity system
(LiBASys) (13).

Recently, a novel automated immunoassay for AFP-L3 has
been developed. The new method uses on-chip electrokinetic
reaction and separation by affinity electrophoresis (micro-total
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analysis system; u-TAS) (14). In patients with an AFP level of
=20 pug/ml, u-TAS AFP-L3% correlated well with LiBASys
AFP-L3% (15). Furthermore, this system has enabled the accu-
rate measurement of AFP-L3% at very low AFP concentrations.
Therefore, in this retrospective study, we investigated the
clinical utility of the new highly sensitive ¢-TAS AFP-L3%
assay for diagnosis of HCC in a population of patients with
HCC or benign liver diseases (BLD), including chronic hepa-
titis or cirrhosis.

Patients and methods

Patients. Between December 2006 and September 2010, frozen
serum samples were obtained from 94 patients with HCC, as
well as from 74 patients with BLD, who had chronic hepatitis or
liver cirrhosis, but not HCC (Table I). All patients met the eligi-
bility criteria (availability of stored serum samples and written
informed consent). Among the BLD patients, 20 were positive
for hepatitis B surface antigen (HBsAg), 43 were positive for
anti-hepatitis C virus (HCV) antibody, and 11 were negative for
either HBsAg or anti-HCV antibody. The BLD patients were
followed after serum sampling for 32.8+12.3 months (median,
35; range, 5-48); liver imaging was performed by US at 6- to
12-month intervals in most patients with chronic hepatitis, and
CT, MRI, or US was performed at 3- to 6-month intervals in
patients with liver cirrhosis.

HCC patients were diagnosed using imaging modali-
ties such as US, MRI and CT during hepatic arteriography.
Vascular invasion was evaluated by imaging modalities. In some
cases that showed atypical features upon imaging, ultrasound-
guided biopsies were performed. Based on imaging findings,
tumor stage was ranked using the tumor-node-metastasis (TMN)
staging system of the Liver Cancer Study Group of Japan (16,17):
T1 (fulfilling the following three conditions: solitary, 2 cm,
no vessel invasion), T2 (fulfilling two of the three conditions),
T3 (fulfilling one of the three conditions), T4 (fulfilling none
of the three conditions or showing presence of distant metas-
tasis); NO (no lymph node metastasis), N1 (metastasis to lymph
nodes); MO (no distant metastasis), M1 (distant metastasis);
stage 1 (TINOMO), stage II (T2ZNOMO), stage III (T3NOMO),
and stage I'V (TANOMO or any TN1MO, or any TNO-1M1).

Measurement of serum AFP and AFP-L3%. For the HCC
group, AFP and AFP-L3% were measured in the same sample
obtained at the time of HCC diagnosis, before any treatment.
For the BLD without HCC group, measurements were made
at the time of diagnosis of chronic liver disease. Highly sensi-
tive AFP-L3% (hs-AFP-L3%) were measured by a microchip
capillary electrophoresis and liquid-phase binding assay on a
1-TASWako 130 auto analyzer (Wako Pure Chemical Industries,
Ltd., Osaka, Japan) (15). Conventional AFP-L3% (c-AFP-L3%)
was examined using a column chromatography and liquid-
phase binding assay on a LiBASys auto analyzer (Wako Pure
Chemical Industries, Ltd.) (13). The analytical sensitivity of the
u-TASWako 130 auto analyzer is 0.3 ug/ml AFP; the AFP-L3%
can be measured when AFP-L3 is over 0.3 ug/ml. Although
the analytical sensitivity of the LiBASys is 0.8 ug/ml AFP,
AFP-1.3% cannot be measured at AFP <10 ng/ml. Therefore,
the correlation between u-TAS-L3% and LiBA-L.3% was poor
at AFP <20 ng/ml.
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Statistical analysis. We used the Mann-Whitney U test, Z test
and Chi-square test for evaluation of the statistical significance
of each finding. SPSS version 17.0J (SPSS Inc., Chicago, IL,
USA) was used to perform statistical analysis; p<0.05 was
considered to indicate statistical significance.

Results

Clinical feature of patients. The demographics, etiology of
liver disease, hepatic functional reserve ranked by Child-Pugh
classification, tumor stage, tumor size and tumor number of
the study patients are summarized in Table I. The HCC group
included 94 patients: 35 patients with stage I, 35 with stage II,
14 with stage I11, and 10 with stage I'V; thus, ~75% of HCC cases
were stage I or II. The incidence of cirrhosis in HCC patients
(55.3%) was significantly higher than in BLD (25.7%), whereas
the hepatic reserve expressed by Child-Pugh classification of
HCC patients was significantly preserved compared with BLD
patients.

Serum AFP levels in patients with HCC were significantly
higher than those with BLD (Table I and Fig. 1A). hs-AFP-
1L3% was measurable in 47.3 and 78.7% of patients with BLD
and HCC, respectively, whereas c-AFP-1.3% was detected in
31.1 and 63.8% of patients. Thus, hs-AFP-L3% was signifi-
cantly higher than c-AFP-1.3% in both BLD and HCC patients
(Table I and Fig. 1B). Since a cut-off value of 5% has been
reported to be useful for diagnosis of HCC using hs-AFP-L3%
(18), the cut-off value for AFP-L3% was set at 5% in the present
study. The sensitivity and specificity of hs-AFP-L3% were
57.0 and 63.5%, respectively, whereas those of c-AFP-L3%
were 40.4 and 81.1%.

hs-AFP-L3% significantly increases in HCC patients at early
stage. Next, we analyzed serum AFP levels, c-AFP-L.3% and
hs-AFP-L3%, and compared early and advanced stages of
HCC (Fig. 2). When compared with HCC patients with stage I
or IT cancer, serum AFP levels were significantly increased
in patients with stage III and IV disease (Fig. 2A). Both
c-AFP-L3% and hs-AFP-L3% in HCC patients with advanced
stages were also significantly higher than in patients with
early stages (Fig. 2B). Although 86% of HCC patients with
stage I (n=35) exhibited serum AFP <20 ng/ml, c-AFP-L3%
and hs-AFP-L3% were measurable in 46 and 69% of these
patients, respectively; hs-AFP-L3% was significantly higher
than c-AFP-L3%. Consequently, in HCC patients at stage I, the
sensitivity of c-AFP-1.3% or hs-AFP-L3% at a cut-off level of
5% were 17.1 or 48.6%, respectively.

Next, we evaluated the relationship between AFP-L3%
and tumor number or size (Fig. 3). hs-AFP-L3% was signifi-
cantly higher than c-AFP-L3%, even in patients with single or
small HCC (<20 mm in diameter) (Fig. 3). Conversely, when
compared to HCC patients with solitary or small HCC, both
c-AFP-L3% and hs-AFP-L3% were increased in cases with
multiple or 220 mm HCC, and there was no statistical differ-
ence between c-AFP-L3% and hs-AFP-L3%. These results
indicate that hs-AFP-L3% is a useful biomarker for detecting
early-stage HCC.

An increase in hs-AFP-L3% is observed in both BLD and
HCC patients with AFP <20 ng/ml. We analyzed c-AFP-L3%
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Table I. Clinical features of patients with BLD and HCC.

1229

BLD (n=74) HCC (n=94) p-value

Age 56.23+13.88 65.76+12.98* <0.001
Gender (male/female) 30/44 56/38* 0.015
CH/LC 55/19 42/52* <0.001
HBV/HCV/NBNC 20/43/11 5/61/28 <0.001
Child-Pugh class

(A/B/C/unknown) 39/5/4/26 75/19/0/0* <0.001
TNM stage (/II/III/IV) 35/35/14/10
Tumor size (mean + SD) 22.35+1642

<20 mm/>20 mm 58/36
Tumor number (single/multiple) 50/44
AFP (ng/ml) 46.17+163.6 2871.5+9882.7 <0.001
c-AFP-L3% 2.96+6.45 18.19+26.95* <0.001
hs-AFP-L3% 3.84+5.59 21.12+29.01* <0.001
Platelet count (x10%/ul1) 14.98+6.82 11.39+4.73* 0.001
AST (IU/D) 70.55+£95.87 55.78+22.92 0.099
ALT IUMN) 85.38+144.71 48.28+24.13 0.783

BLD, benign liver disease; HCC, hepatocellular carcinoma; CH, chronic hepatitis; LC, liver cirrhosis; HBV, hepatitis B virus; HCV, hepatitis
C virus; hs-AFP-L3%, hypersensitive-AFP-L3%; c-AFP-1.3%, conventional-AFP-L3%.
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Figure 1. Serum levels of AFP, c-AFP-L3% and hs-AFP-L3% in patients with
BLD or HCC. (A) Serum AFP concentrations in HCC patients (n=94) were
significantly higher than those in BLD (n=74). (B) hs-AFP-L3% (HS) signifi-
cantly increased in comparison with c-AFP-L3% (Con) in both BLD and HCC
patients.
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Figure 2. Serum levels of AFP, c-AFP-L3% and hs-AFP-L3% in patients with
early or advanced HCC. (A) Serum AFP levels in HCC patients at stage IIT
(n=14) or IV (n=10) were significantly higher than those at stage I (n=35) or IT
(n=35). "p<0.05. (B) hs-AFP-L3% (HS) was significantly higher than c-AFP-
L3% (Con) in patients with HCC at stage I, whereas there was no significant
difference between c- and hs-AFP-L3% in HCC patients at stages II, Il and I'V.
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Table II. Clinical features of BLD and HCC patients with AFP <20 ng/ml.

BLD (n=59) HCC (n=56) p-value

Age 56.78+13.51 68.88+12.05* <0.001
Gender (male/female) 23/36 26/30 0422
CH/LC 45/14 25/312 0.001
HBV/HCV/NBNC 14/35/10 5/32/19* 0.008
Child-Pugh class

(A/B/C/unknown) 31/4/1/23 50/6/0/0 <0.001
TNM stage (/I/III/IV) 30/21/5/0
Tumor size (mean + SD) 16.16+11.59

<20 mm/= 20 mm 47/9
Tumor number (single/multiple) 35/21
AFP (ng/ml) 4.68+3.6 8.92+5.23* <0.001
c-AFP-L3% 0.83+3.92 1.86+3.16 0.002
hs-AFP-L3% 2.745.15 4.86+5.19° 0.003
Platelet count (x10%/u1) 15.93+6.67 11.93+4.49* 0.001
AST (IU/D) 43.91+25.72 54.32+21.61* 0.003
ALT UM 49.21+51.7 48.66+24 41 0.184

BLD, benign liver disease; HCC, hepatocellular carcinoma; CH, chronic hepatitis; LC, liver cirrhosis; HBV, hepatitis B virus; HCV, hepatitis
C virus; hs-AFP-L3%, hypersensitive-AFP-L3%; c-AFP-L3%, conventional-AFP-L3%.
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Figure 3. hs-AFP-L3% significantly increased in patients with solitary or small
HCC, but not multiple or HCC =20 mm in diameter. (A) hs-AFP-L3% (HS)
was significantly higher than c-AFP-L.3% (Con) in patients with solitary HCC
(n=50), but not in patients with multiple HCC (n=44). (B) hs-AFP-L3% signifi-
cantly increased in comparison with c-AFP-1.3% in patients with small HCC
(<20 mm in diameter) (n=58), but not in patients with large HCC (=20 mm)
(n=36).

p=0.003 p=0.0004
40 ‘
*
30 .
o
% .
a 20 .
u.
<
* ". o":.
0 mate ot ik
o 0.:.: ':Q’ :::3:’ 213D
Con HS Con HS
BLD HCC

Figure 4. Higher levels of hs-AFP-L3% were observed in both BLD and HCC
patients with serum AFP <20 ng/ml. c-AFP-L3% (Con) and hs-AFP-L3%
(HS) in BLD and HCC patients with AFP <20 ng/ml (n=59 and 56, respec-
tively) were analyzed. c-AFP-L3% was detectable in 13.6 and 39.3% of BLD
and HCC patients, respectively, whereas hs-AFP-L3% was measurable in 33.9
and 64.3% of BLD and HCC patients, respectively; hs-AFP-L3% was signifi-
cantly higher than c-AFP-L3%.

and hs-AFP-L.3% in BLD and HCC patients with AFP <20 ng/
ml (Table II). Forty-seven of 56 (83.4%) HCC patients exhib-
ited small HCCs (<20 mm in diameter); 35 patients (62.5%)
exhibited solitary tumors. c-AFP-1.3% was detectable in 13.6
and 39.3% of BLD and HCC patients, respectively. Conversely,
hs-AFP-L3% was measurable in 33.9 and 64.3% of BLLD and
HCC patients, respectively, and the levels of hs-AFP-1.3% were
significantly higher than those of c-AFP-L3% [BLD: mean + SD
(range) 0.83+3.92 (1.3-29.5) vs. 2.70+5.15%, p=0.003, and
HCC: 1.86£3.16 (1.1-12.1) vs. 4.86+5.19% (2.3-24.6), p=0.004]
(Fig. 4). The sensitivity and specificity of hs-AFP-L3%
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Table III. Characterization of seven BLD patients, who developed HCC.
Case no. 1 2 3 4 5 6 7
Age 58 70 63 70 53 60 59
Gender M F F F M M F
CH/LC LC CH LC LC LC LC CH
HCV/NBNC HCV HCV HCV NBNC HCV HCV HCV
AFP (ng/ml) 53 8.3 10.7 109 27.8 28.5 320
c-AFP-L3% ND ND 295 49 159 12.2 34
hs-AFP-L3% 6.0 7.0 32,6 84 12.2 9.6 3.7
ALT (1U0/M) 31 48 23 39 41 65 116
Months until HCC detection 13 31 5 13 18 8 31
F, female; M, male; ND, not detectable.
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Figure 5. Patients with well-differentiated HCC showed an increase in hs-AFP-
L3%. hs-AFP-L3% (HS) was significantly higher than c-AFP-L3% in patients
with well-differentiated HCC; this was confirmed by histological examination.

at a cut-off level of 5% were 44.6 and 71.2%, whereas those of
c-AFP-L3% were 12.5 and 98.3%, respectively. These results
suggest that hs-AFP-L3% is useful for early detection of HCC,
even when serum AFP is <20 ng/ml.

Serum hs-AFP-L3% increases in patients with well-differen-
tiated HCC. Most HCC, initially present as well-differentiated
HCC, develops in patients with chronic liver disease. Therefore,
we evaluated c-AFP-L3% and hs-AFP-L3% in 20 patients with
well-differentiated HCC, which was confirmed by histological
examination. Fifteen patients (75.0%) exhibited small HCCs
(<20 mm), and 9 (45.0%) suffered from liver cirrhosis. Serum
AFP was 14.2+12.4 ng/ml (1.4-54.1), and 18 patients (90%)
exhibited serum AFP levels <20 ng/ml. hs-AFP-L3% was
measurable in 14 patients (70%), while 11 patients (55%) exhib-
ited detectable levels of c-AFP-L3% (Fig. 5). Consequently,
hs-AFP-L3% was significantly higher than c-AFP-L3%
[4.81+£5.91 (0.6-24.6) vs. 2.24+3.53% (0.5-12.1), p=0.011]. These
results support the possible utility of hs-AFP-L3% for detec-
tion of early-stage HCC.

hs-AFP-L3% increases prior to detection of HCC in patients
with BLD. Seven of 74 patients with BLD developed HCC

Figure 6. No patients with both serum AFP <20 ng/ml and hs-AFP-L3% <5%
developed HCC. Patients with BLD (n=74) were periodically followed by US,
CT, or MRI during the follow-up period (median, 35 months; range, 5-48
months). In cases of BLD with AFP <20 ng/ml (n=59), HCC was newly detected
in 4 patients with hs-AFP-L3% =5%. The HCC-free rate in patients with hs-
AFP-L3% 25% (a) was significantly higher than in patients with hs-AFP-1.3%
<5% (®) (log-rank test and Wilcoxon test; p=0.0012 and p=0.0017, respectively).
Importantly, no patients with hs-AFP-L3% <5% developed HCC.

during the follow-up period (median, 35 months; range, 5-48)
(Table III). Five patients suffered from liver cirrhosis, and 6
exhibited hepatitis C virus infection. Two of the patients with
chronic hepatitis required a longer period (31 months) for
appearance of HCC than did the 5 patients with cirrhosis (5-18
months). Five patients exhibited measurable c-AFP-L.3%, and
an increase in c-AFP-L3% (=5%) was observed in 3 patients.
In contrast, hs-AFP-1.3% was measurable in all 7 patients prior
to detection of HCC, and 6 patients (85.7%) exhibited hs-AFP-
L3% =5%. In 59 BLD patients with serum AFP <20 ng/ml, 4
patients developed HCC (Table III). An increase in c-AFP-
L3% (=5%) was observed only in 1 patient, who developed
HCC during the follow-up period, whereas the other three
patients exhibited undetectable levels or <5% of c-AFP-L3%.
Conversely, all 4 patients with serum AFP <20 ng/ml exhibited
an increase in hs-AFP-L3% (=5%) prior to detection of HCC.
Next, we analyzed the HCC-free rate in BLD patients with
serum AFP <20 ng/ml during the follow-up period (Fig. 6).
The HCC-free rate in patients with hs-AFP-L3% =5% was
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significantly higher than those with hs-AFP-L3% <5%. Of
importance, HCC was not detected in BLD patients with both
serum AFP <20 ng/ml and hs-AFP-L3% <5%, whereas 3 out of
58 patients with both serum AFP <20 ng/ml and <5% of c-AFP-
L3% developed HCC. These results suggest that an increased
hs-AFP-1.3% allows prediction of HCC development; measure-
ment of hs-AFP-L3% is useful for selecting BLD patients with
higher risk of HCC.

Discussion

Most HCC occurs in patients with chronic liver diseases, espe-
cially cirrhosis. Therefore, periodical measurement of tumor
markers for HCC, such as AFP and DCP, is recommended
in patients who are at high risk for HCC. However, recent
advances in diagnostic imaging techniques, including US,
CT and MRI, facilitate the detection of small and early-stage
HCC (19-21), resulting in an increase in the number of HCC
patients diagnosed without an observed increase in serum
AFP. Indeed, the 18th survey and follow-up study of primary
liver cancer in Japan has reported that most patients with HCC
exhibited low levels of serum AFP, <15 ng/ml. Additionally,
although AFP-L3% status is known to be a specific marker
for HCC, measurement of c-AFP-L3% has not always been
reliable in patients with AFP <20 ng/ml.

In this study, we investigated the clinical utility of hs-AFP-
L3%, which was measured by a newly developed and highly
sensitive method, u-TAS, in patients with BLD and HCC.
Here, we showed that although most HCC patients with stage I
cancer did not exhibit an increase in serum AFP levels (=20 ng/
mil), hs-AFP-1.3% was measurable in ~70% of the patients, and
was significantly increased in comparison with c-AFP-L3%
(Fig. 2). Since hs-AFP-L3% is reliable even when serum AFP
is <20 ng/ml, it is possible to set the cut-off value for hs-AFP-
L3% at 5-7% (18,22,23). We show here that at a cut-off level
of 5%, the sensitivity and specificity of hs-AFP-L3% were
44.6 and 71.2%, respectively, in HCC patients with serum
AFP <20 ng/ml (Fig. 4). Recent investigations have shown that
diagnostic sensitivity of hs-AFP-L3% at a cut-off level of 5
or 7% was 41.5 or 41.1%, respectively, in HCC patients with
serum AFP <20 ng/ml (18,22). Therefore, our findings in this
study support the specificity of hs-AFP-L3% in patients with
serum AFP <20 ng/ml, as previously reported.

The sensitivity of c-AFP-L.3% is relatively low (22.2-38.6%)
in early-stage HCCs <20 mm in diameter (24,25). In this study,
although the sensitivity of c-AFP-L.3% was <20% in patients
with HCC at stage I, hs-AFP-L3% was significantly higher than
c-AFP-L3% in patients with solitary or small (<20 mm) HCC or
with stage I HCC (Figs. 2 and 3); consequently, ~50% of HCC
patients at stage I exhibited hs-AFP-L3% =5%. Additionally, in
patients with well-differentiated HCC, hs-AFP-L3% was also
significantly higher than c-AFP-L3%. Conversely, patients with
stage I1T or IV HCC (multiple or larger (=20 mm) tumors) exhib-
ited an increase in both hs- and c-AFP-L3%, with no statistical
difference. HCC initially develops as well-differentiated HCC,
and then progresses to moderately- to poorly-differentiated HCC
via a process of dedifferentiation. Thus, an increase in hs-AFP-
L3% in patients with well-differentiated HCC and early-stage
HCC supports the conclusion that measurement of hs-AFP-L3%
is useful for early detection of HCC.
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HCC often develops in patients with chronic infection of
hepatitis B or C virus; especially in patients with chronic HCV
infection, the annual incidence of HCC increases as a function of
the stage of liver fibrosis, from 0.5% at stages FO to F1 to 7.9% at
stage F4 (cirrhosis) (26). Recently, Tateyama et a/ demonstrated
that elevated AFP levels are a risk factor for the development
of HCC in patients with HCV infection; the 10-year cumulative
incidence rates of HCC in the patients with AFP levels of <6, 6-20
and =20 ng/ml at entry were 6.0, 24.6 and 47.3%, respectively,
and that AFP levels may be used as a non-invasive and predictive
marker in place of stage of fibrosis (27). In this study, all 7 BLD
patients who developed HCC during the follow-up period exhib-
ited measurable hs-AFP-L3% prior to detection of HCC, and 6
patients exhibited hs-AFP-L3% =5%. Of particular note, even
when serum AFP levels increased to up to 20 ng/ml, HCC was
not detected in patients with hs-AFP-L3% <5% (Fig. 6).

Although prolonged observation will be required in order
to clarify whether hs-AFP-L.3% is useful for prediction of
HCC, the findings presented here indicated that hs-AFP-L3%
is useful for early detection of HCC in BLD patients even with
serum AFP <20 ng/ml, and also that an increase in hs-AFP-
L3% prior to detection of HCC by various advanced imaging
modalities may contribute to more precisely identifying BLD
patients with a higher risk of HCC.
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Clinical proteomics for liver disease: a promising
approach for discovery of novel biomarkers

Hirofumi Uto’, Shuji Kanmura, Yoichiro Takami, Hirohito Tsubouchi

Abstract

hepatic fibrosis and hepatitis B or C virus infections.

Hepatocellular carcinoma (HCC) is the fifth most common cancer and advanced hepatic fibrosis is a major risk
factor for HCC. Hepatic fibrosis including liver cirrhosis and HCC are mainly induced by persistent hepatitis B or C
virus infection, with approximately 500 million people infected with hepatitis B or C virus worldwide. Furthermore,
the number of patients with non-alcoholic fatty liver disease (NAFLD) has recently increased and NAFLD can
progress to cirrhosis and HCC. These chronic liver diseases are major causes of morbidity and mortality, and the
identification of non-invasive biomarkers is important for early diagnosis. Recent advancements in quantitative and
large-scale proteomic methods could be used to optimize the clinical application of biomarkers. Early diagnosis of
HCC and assessment of the stage of hepatic fibrosis or NAFLD can also contribute to more effective therapeutic
interventions and an improve prognosis. Furthermore, advancements of proteomic techniques contribute not only
to the discovery of clinically useful biomarkers, but also in clarifying the molecular mechanisms of disease
pathogenesis by using body fluids, such as serum, and tissue samples and cultured cells. In this review, we report
recent advances in guantitative proteomics and several findings focused on liver diseases, including HCC, NAFLD,

Introduction

Diagnostic methods for hepatocellular carcinoma (HCC)
include imaging, such as abdominal ultrasonography
and computed tomography (CT), and measurement of
serum tumor markers. Alpha-fetoprotein (AFP), AFP
lectin fraction L3 (AFP-L3), and des-gamma-carboxy
prothrombin (DCP, also known as PIVKA-II) are widely
used clinically as serum tumor markers of HCC. How-
ever, the sensitivity of AFP or DCP for detecting early
stage HCC is only 30-60% [1-4]. Although combination
measurements of AFP and DCP can improve the diag-
nostic performance, the diagnostic accuracy is still low
for HCC lesions of <2 cm. Therefore, the development
of a new diagnostic method for early stage HCC is
needed to improve outcomes [5-7].

The main cause of liver cirrhosis and HCC is persistent
hepatitis B or C virus infection. The degree of hepatic
fibrosis is associated with the occurrence of HCC, and
serum hyaluronic acid and type IV collagen levels are
used for diagnosis of hepatic fibrosis including cirrhosis,

* Correspondence: hirouto@m?2.kufm kagoshima-u.acjp

Department of Digestive and Lifestyle-related Diseases, Health Research
Human and Environmental Sciences, Kagoshima University Graduate School
of Medical and Dental Sciences, Kagoshima, 890-8544, Japan

() BioMed Central

but these markers do not always reflect the stage of hepa-
tic fibrosis assessed by liver biopsy [8,9]. In addition, the
incidence of nonalcoholic fatty liver diseases (NAFLD)
has increased worldwide, but no specific biomarker is
available and invasive liver biopsy is still required for
definite diagnosis of NAFLD, especially for nonalcoholic
steatohepatitis (NASH), which can progress to cirrhosis
and HCC [10,11]. Therefore, there is a need to identify
blood (serum or plasma) markers that are specific for
early diagnosis of HCC, prediction of carcinogenesis
from liver cirrhosis, progression of liver cirrhosis, and
diagnosis of NASH. These analyses may also aid in the
elucidation of the mechanism(s) underlying the patho-
genesis of hepatitis and hepatocarcinogenesis.
Proteomics is the term used for exhaustive analysis of
protein structure and function in an organ or tissue. The
levels of gene expression and protein production are not
necessarily proportional, and protein activity is frequently
regulated by posttranslational modifications such as
phosphorylation [12,13]. Proteomics is useful for elucida-
tion of the pathology and discovery of disease markers
for HCC and chronic liver diseases. Serum and plasma
are readily used as clinical samples since they can be
obtained using less invasive methods. If a biomarker

© 2010 Uto et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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associated with the pathology, disease progression or effi-
cacy of treatment is identified in serum or plasma, it can
be easily applied for early or differential diagnosis of dis-
eases. Recent advances in methods for mass spectro-
metric analysis, including protein labeling and amino
acid analysis, facilitate highly sensitive and exhaustive
proteomic analysis of patient samples. These advances in
proteomics techniques have promoted exploration of bio-
markers for malignant tumors including HCC and for
chronic liver diseases including liver cirrhosis, NAFLD
and chronic hepatitis B or C. In this review, we provide
an overview of recent findings in proteomic analysis of
those liver diseases.

A - Clinical proteomics

For the efficient discovery of biomarkers, more quantita-
tive and reproducible techniques are required. Therefore,
differential analysis of protein expression is frequently
used in clinical proteomics. Quantitative proteomic
approaches can be separated into both labeling (Table 1)
and labeling-free methods (Table 2), and the labeling
method is separated into gel-based and non-gel-based
methods. The most typical method of the gel-based
differential approach is two-dimensional fluorescence dif-
ference gel electrophoresis (2D-DIGE) [14,15]. On the
other hand, non-gel-based methods include some stable
isotope-labeling methods, such as cleavable isotope-
coded affinity tags (cICAT) [16], stable isotope labeling
by amino acids in cell culture (SILAC) [17,18], 2-nitro-
benzenesulfenyl (NBS) labeling [19] and protein quantita-
tion using isobaric tags for relative and absolute
quantitation (iTRAQ) [20]. In addition, labeling-free
methods; surface enhanced laser desorption ionidization

Page 2 of 10

(SELDI) methods [21] and ClinProt® systems [22] based
on affinity-column or -beads chromatographic methods
were beneficial to analyze the blood samples (Table 2).
Moreover, molecular information can be obtained from
comparison of multiple samples in a single analysis with
these methods. The techniques of separation and
detection on mass spectrometric analysis and molecular
identification have also progressed with improvement
in accuracy. The development of high-sensitivity,
high-throughput, and exhaustive analytical methods has
facilitated identification of trace proteins in biological
samples, and clinical proteomics is now performed
using new protein analysis techniques. However, these
are mostly basic studies, rather than disease-based
proteomics useful for bedside diagnosis and prediction of
therapeutic effects. Thus, proteomics studies of the asso-
ciation between clinical data and results obtained from
cells, tissues and clinical samples are required.

B - Proteomic analysis of hepatocellular
carcinoma

1 - Serum proteomics in patients with HCC

Protein separation by 2-dimensional electrophoresis
(2-DE) is a well-established and widely used method
with easy handling and good reproducibility. In a 2-DE
study of protein expression in sera of 5 patients with
HCC (2 hepatitis B virus surface [HBs] antigen-positive
cases, 2 hepatitis C virus [HCV] antibody-positive cases,
and one case negative for both] and healthy subjects,
317 proteins were separated and identified, of which 6
(annexin VI isoform 1, complement component 9, ceru-
loplasmin, and serum amyloid A4, A2 and A1 isoform 2)
were proposed as diagnostic markers for HCC [23]. In

Table 1 Quantitative proteomic techniques that have been applied to clinical proteomics using labeling method

Methods Type of Labeling reagents Interests Comparable References
method number of
samples/assay
2D-DIGE  Gel- Cy2, Cy3, Cy5, 1C3-0Sy, IC5-0Su Most frequently used gel-based methed 2 samples [14], [15]
based
clCAT Non-gel "2C-ICAT (light) Most frequently used isotope labeling 2 samples [16]
based  '3C-ICAT (heavy) method
Labeled to cysteine thiol group
SILAC Non-gel  '?C- or ™N-lysine and arginine (light) Pre-labeling method. 2 samples 117, [18]
based  '3C- or "*N-lysine and arginine (heavy) Cell lysates and conditioned media can
Incorporated into cultured cells be analyzed.
NBS Non-gel '*C-NBS (light) Simple MS spectra can be obtained 2 samples [19]
based  '*C-NBS (heavy) because there is less tryptophan in
Labeled to tryptophan indole group protein sequences.
iTRAQ Non-gel Isobaric tags (m/z 305, in total) Expression ratio can be used to quantify 2 ~ 8 samples [20]
based  (m/z reporter) + (m/z, balancer): the signal intensity of reporter peaks.

(113) + (192), (114) + (191), (115) + (190), (116) +
(189), (117) + (188), (118) + (187), (119) + (186),
(121) + (183)

Labeled to lysine amino group

Many samples can be assayed in one
experiment.

2D-DIGE; two-dimensional fluorescence difference gel electrophoresis, cICAT; cleavable isotope-coded affinity tags, SILAC; stable isotope labeling by amino acids
in cell culture, NBS; 2-nitrobenzenesulfenyl, iTRAQ; isobaric tags for relative and absolute quantitation, Cy; cyanine.
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Table 2 Quantitative proteomic techniques that have been applied to clinical proteomics using labeling-free method

Methods Types of chips or magnetic Interests

beads

References

IMAC30 (metal modified),
CM10 (cation exchanging),
WCX2 (weak cation
exchanging)

Q10 (anion exchanging),
H50 (reverse-phase),

H4 (reverse-phase),

NP20 (normal-phase),
Gold

Profiling: WCX, WAX, HICS,
IMAC-Cu

Large-protein beads: HICT,
HIC3

Peptides beads: HIC18
Phospho beads: IMAC-Fe
Glyco beads: LAC ConA,
ConAC boronic

Antibody capture beads: IAC
ProtG

ProteinChip
SELDI

ClinProt®

Analyses: a few pl of serum/plasma (without removal of abundant proteins), urine, cell/  [21]
tissue lysates and conditioned media
Identification: MS/MS, LC-MS/MS

Performance: Many samples can be assayed in parallel.

SELDI; surface enhanced laser desorption ionidization, MS; mass spectrometry, LC; liquid chromatography.

sera of patients with hepatitis B virus (HBV)-related HCC
investigated by 2-DE, 8 proteins with significant differ-
ences in expression levels compared to controls were
identified (transferrin, transthyretin, o l-antitrypsin, clus-
terin, haptoglobin a2 chain, ceruloplasmin, heat-shock
protein 27 [HSP27], and a-fetoprotein), and HSP27 was
positive in 90% of the HCC cases, showing its value for
HCC screening [24]. Useful diagnostic markers may be
discovered in proteins directly identified by 2-DE separa-
tion of patient serum, followed by extraction of protein
spots from the gel and identification by peptide-mass fin-
gerprinting (PMF) and MS/MS analysis. However, albu-
min, globulin, transferrin, and antitrypsin account for
about 90% of the serum protein composition, and the
large amounts of these proteins interfere with separation
of serum proteins by 2-DE, and make separation and
analysis difficult. To analyze serum using 2-DE, removal
of these abundant proteins and subsequent detection of
changes in trace protein levels are necessary. Ang et al.
removed albumin by pretreatment of sera from patients
with HCC and chronic liver disease (CLD) using lectin
and then compared the glycosylated haptoglobin expres-
sion level using 2-DE [25]. Expression of glycosylated
haptoglobin was increased in the HCC group, and the
level was higher in advanced HCC compared to early
stage HCC, suggesting that glycosylated haptoglobin is
useful for diagnosis and prediction of the HCC stage
[25]. These findings also suggest that pretreated serum is
better than non-treated serum for 2-DE analysis.

There are two methods of serological diagnosis using the
ProteinChip SELDI system: one uses identification of indi-
vidual proteins and functional analysis, and the other is
based on a classification (decision tree) method established
by data mining without protein identification.

Identification of a protein corresponding to a target peak
is difficult using the ProteinChip SELDI system, and the
classification-based diagnostic method (multi-marker ana-
lysis) is frequently used, in which identification of each
protein corresponding to an individual peak is not neces-
sary. The disease and control groups are differentiated
based only on the expression levels of several protein
peaks. We established a classification method based on 7
peaks that were highly distinguishable between HCV-
related HCC and HCV-related CLD, and showed that this
method is applicable for diagnosis of both early stage and
advanced HCC [26]. This approach was capable of detect-
ing HCC earlier than detection of tumorous lesions by
abdominal ultrasonography, and was more useful for early
diagnosis than current tumor markers such as AFP and
DCP. Similarly, Zinkin et al. developed a diagnostic
method using 11 protein peaks detected by the Pro-
teinChip SELDI system, and found a sensitivity and speci-
ficity for diagnosis of HCV-related HCC of 79% and 86%,
respectively [27]. The diagnostic sensitivity and specificity
do not differ significantly from those of methods using
current HCC markers (AFP, AFP-L3 fraction, and DCP),
but the performance for diagnosis of small HCC of <2 ¢cm
was better than that for methods using current markers.
He et al. selected 3 protein peaks (5890, 11615, and
11724 Da) in serum that showed significant differences
in HBV-related HCC patients compared to HBV
patients without HCC, and found that HBV-related
HCC could be diagnosed in almost 100% of cases based
on these proteins [28]. The SELDI method was com-
bined with 2-DE to identify the protein with a peak at
11615 Da as serum amyloid A (SAA). However, the
positive rate was also high in patients with HBV-related
CLD in this analysis, indicating that the method is not
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specific for HCC. Cui et al. reported that patients with
HBV-related HCC or CLD could be distinguished from
healthy subjects by multi-marker serum analysis with
sensitivity and specificity of 90% or higher [29], but it is
doubtful whether this method could be used for differ-
entiation of HCC from CLD. Similarly, sensitivity of
100% and specificity of 92 or 97% have been reported
for diagnosis of HBV-related HCC [30], but the control
group consisted of healthy subjects without CLD and
the utility for early diagnosis of HCC in patients with
cirrhosis is doubtful. Gébel et al. established a method
for differentiation of HCV-related HCC from liver cir-
rhosis without HCC using 4 protein peaks at 7486,
12843, 44293, and 53598 Da (multi-marker analysis),
and found that the method was useful for diagnosis of
early stage HCC [31]. Ward et al. also reported a multi-
marker analysis with 94% sensitivity, 86% specificity, and
0.92 AUROC [32]. Thus, multi-marker analysis is useful
for diagnosis. However, a ProteinChip SELDI system is
necessary for analysis, and this system is expensive com-
pared with commercially available kits such as those for
ELISA, and not all facilities can use this system. More-
over, the peak protein intensity detected by a protein
chip system may vary among analytical devices and
facilities, and further technical advances are needed for
clinical application of multi-marker analysis for diagno-
sis of early stage HCC (Table 3).

In analysis using cICAT and liquid chromatography-
electrospray ionization tandem mass spectrometry (LC-
ESI-MS/MS), Kang et al. compared serum proteins
between 9 cases of HCC and 9 cases of liver cirrhosis, and
identified 31 proteins with differences in expression levels.
Of these proteins, significantly enhanced expression of o1-
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acid glycoprotein (AGP) was observed in the HCC valida-
tion group (HCC; N = 52, liver cirrhosis; N = 40), showing
that AGP is a candidate serum diagnostic marker for HCC
[33]. Thus, serum proteomic analysis using a combination
of cICAT and LC-ESI-MS/MS can be used for direct iden-
tification of potential protein markers.

AFP and DCP are frequently used in current diagnosis
of HCC. These proteins are directly expressed by
tumors and their blood levels are reduced by local treat-
ment or tumor resection. Therefore, they serve as
indices for diagnosis, therapeutic effect and recurrence.
In contrast, the proteins identified by serum protein
expression analysis described above are not necessarily
produced by the tumor (for example, they may be pro-
duced by immune cells that act on tumor cells) and this
may be limitation of current biomarker exploration by
serum analysis. Moreover, some proteins in HCC
change with progression of the pathology of the under-
lying diseases of chronic hepatitis and liver cirrhosis.
Therefore, specificity is of importance in clinical proteo-
mic analysis using serum from patients with HCC.

2 - Tissue proteomics in patients with HCC

HCC tissue has been widely used in proteomics because
a large amount of tissue can be obtained relatively easily
from surgical specimens [34-41]. In a study in which
protein expression in liver tissue was investigated by
2-DE in 40 cases of HBV-related HCC and 36 control
subjects (20 patients with liver cirrhosis and 16 normal
liver tissues from residual grafts of liver donors), 14 pro-
teins with >2-fold changes in expression level were iden-
tified in patients with HCC compared to the controls
[34]. Of these proteins, vimentin expression was

Table 3 The peaks detected by ProteinChip SELDI in patients with hepatocellular carcinoma

Subjects Protein/Peptide Peaks (m/z) Type of Identification References
Protein Chip

HCV-related HCC 3444, 3890, 4067, 4435, 4470, 7770 CcM10 ND [26]
vs. non-HCC
HCC 3687, 3906, 26457 CM10, 13391-Da; [27]
vs. non-HCC (cirrhosis) 11853, 11873, 11887, 13391 IMAC30, Cystatin C

11319, 17783, 17906, 18021 H50,
HBV-related HCC 5890, 11615, 11724 IMAC30-Cu ND [28]
vs. non-HCC
CHB 22842 (up), 2957, 2049 (down), 2049 (up), 3166 (down),  WCX2 ND [29]
LC 23381, 28040 (up),
HCC 2018 (down)
(vs. Healthy control)
HBV-related HCC 7777, 9250, 16200 WCX2 ND [30]
vs. Healthy control
HCV-related HCC 2873, 6646, 7775, 10525, CM10 6646-Da; Apolipoprotein C- [31]
vs. HCV-related LC 67867
HCV-related HCC 22960, 23530 IMAC30 ND [32]

vs. HCV-related LC

SELDI; surface-enhanced laser desorption and ionization mass spectrometry, HCV; hepatitis C virus, HCC; hepatoceliular carcinoma, HBV; hepatitis B virus, CHB;

chronic hepatitis B, LG; liver cirrhosis, ND; not done.
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significantly elevated in the HCC group. The vimentin
level was also elevated in serum from the HCC patients,
which was useful for diagnosis of HCC lesions of <2 cm.
Comparison of HCC and normal liver tissues using
2D-DIGE has shown reduced expression levels of pro-
teins associated with metabolism and increased expres-
sion of stress-related proteins of the HSP family in
HCC, with aldo-keto reductase 1C2, thioredoxin, and
transketolase proposed as HCC markers [35,36]. Luk et
al. analyzed liver tissue of 146 patients by 2-DE+MS/MS
and detected 1800 protein spots. Three of these protein
spots with strong expression in HCC were identified as
Hsp27, Hsp70 and glucose-regulated protein (GRP) 78.
Hsp27 was found to be highly correlated with AFP, and
GRP78 was associated with venous tumor invasion [37].
Sun et al. performed protein expression analysis to
search for HCC biomarkers using liver tissue samples
from 59 patients with liver diseases (39 with HCC and
20 with liver cirrhosis) and 16 healthy subjects, and 63
plasma samples (35 patients with HCC, 16 with liver cir-
rhosis, and 12 healthy subjects). In both liver tissue and
plasma, lamin B1 (LMNB1) expression was significantly
enhanced in HCC patients compared to healthy subjects,
and the LMNBI1 expression level was associated with the
cancer stage, leading to the conclusion that this protein
is a useful biomarker for early stage HCC [38]. An
increased clathrin heavy chain level and a lower formi-
minotransferase cyclodeaminase level in 2-DE analysis
of HCC tissue have also been proposed to be useful for
diagnosis of early stage HCC [39], and APC-binding
protein EB1 expression in resected HCC specimens has
been related to the survival and recurrence rates after
resection [40].

Use of whole resected liver specimens containing HCC
for proteomic analysis allows detection of proteins
expressed not only by cancer cells, but also by cells infil-
trating around the tumor and by interstitial cells. Selec-
tion of cancer tissue by laser capture microdissection
(LCM) followed by 2-dimensional liquid chromatogra-
phy tandem mass spectrometry (2D-LC/MS-MS) can be
used to identify proteins that differ quantitatively
between disease and control tissue [41]. This approach
is useful for analysis of surgical samples and may help
to improve the understanding of the mechanism of car-
cinogenesis in HCC.

C - Proteomic analysis of nonalcoholic fatty liver
disease (NAFLD), hepatic fibrosis and liver
cirrhosis

1 - Serum proteomics of NAFLD, hepatic fibrosis and liver
cirrhosis

The number of cases of NAFLD including NASH has
shown a recent increase, and NASH is a risk factor for
HCC. NASH has a pathology similar to that of alcoholic
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liver diseases and is accompanied by inflammation and
fibrosis that progresses to liver cirrhosis and HCC.
Excess nutrition, obesity, insulin resistance, and oxida-
tive stress are thought to be involved in the develop-
ment and progression of NASH, but the molecular
mechanisms remain uncertain. About 30% of subjects in
a health check-up in Japan showed abnormalities in
serum markers of liver function such as ALT, AST and
y-GTP, and most cases were assumed to be NAFLD.
Identification of patients with NASH among those with
NAFLD is very important for prevention of liver cirrho-
sis and HCC through intensive treatment. However,
invasive liver biopsy is currently required for diagnosis
of NASH, since no specific serum marker is available
for use in a noninvasive test [10]. In serum proteomics
in patients with NAFLD, four apolipoproteins and CD5
antigen-like protein (CD5L) were identified by 2-DE
analysis. Of these proteins, CD5L reflects the severity of
hepatic fibrosis in NAFLD and its serum level increases
in cases with severe fibrosis, suggesting that it may serve
as a diagnostic marker of NASH [42]. An analysis of
sera of patients with NAFLD using the ProteinChip
SELDI system identified 4 protein peaks with significant
changes in patients with NASH compared to obese
patients without NAFLD [11]. These peaks may be use-
ful for diagnosis of NASH, but the corresponding pro-
teins have yet to be identified. Interestingly, mRNA
expression in liver tissue was analyzed using a microar-
ray in the same patients in this study, and this analysis
may advance the understanding of the molecular
mechanism of development and progression of NAFLD.
Currently, the association between serum protein
expression and gene expression in liver tissue is unclear.

Bell et al. analyzed sera of 85 patients with NAFLD,
including cases of NASH and simple fatty liver by LC/
MS-MS and identified 1738 proteins, of which 9
reflected differences in fibrosis among the NASH
patients and 21 were proposed as useful biomarkers to
distinguish NASH (F3/F4) with advanced fibrosis from
simple fatty liver [43]. Unfortunately, no single protein
for discrimination between simple fatty liver and NASH
was obtained in this analysis. A panel diagnostic method
using fibrinogen B chain, retinol binding protein 4,
serum amyloid P component, lumican, transgelin 2,
CD5L, complement component C7, insulin-like growth
factor acid labile subunit, and transgelin 2 has been
developed that discriminates among healthy subjects,
patients with simple fatty liver, and patients with NASH
with high power. In this report, serum was separated by
nano-HPLC in proteomic analysis, and proteins were
identified and quantified by electrospray ionization (ESI)
[43]. Such combination method has high-resolution and
relatively favorable quantitative performance with a very
small amount of sample, therefore is capable of
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identifying many proteins, which has led to expansion of
its use. However, whether the identified proteins are
truly specific to NAFLD and useful for diagnosis of
NASH remains to be investigated.

Proteomic analysis in patients with liver cirrhosis has
also been performed to search for hepatic fibrosis mar-
kers. Poon et al. developed a scoring system for diagno-
sis of hepatic fibrosis using 10 factors: 7 protein peaks
detected using the ProteinChip SELDI system, and the
ALT, total protein, and bilirubin levels in serum. Using
this approach, liver cirrhosis was diagnosed with 94%
sensitivity and 91% specificity [44]. Morra et al. also
showed that a differentiation method based on 8 protein
peaks was more useful for evaluation of hepatic fibrosis
than the existing Fibro Test (an method that uses a2-
macroglobulin, haptoglobin, apolipoprotein Al, total
bilirubin, and y-GTP) [45]. Gobel et al. used 5 serum
protein peaks in development of a multi-marker method
to differentiate between cirrhotic and non-cirrhotic
livers (F1 and F2), and showed that this method could
be used to diagnose liver cirrhosis with 80% sensitivity
and 67% specificity [31].

In 2-DE analysis of sera from patients with HCV-
related CLD, the levels of inter-alpha-trypsin inhibitor
heavy chain H4 (ITIH4) fragments, a1-antichymotrypsin,
apolipoprotein L1, prealbumin, albumin, paraoxonase/
arylesterase 1, and zinc-a2-glycoprotein were reduced
and those of CD5 antigen-like protein (CD5L) and B2
glycoprotein I (B2GPI) were elevated in the liver cirrhosis
group [9]. Using a similar method, the levels of Mac-2-
binding protein, a.2-macroglobulin and hemopexin were
found to be elevated and those of a.1-antitrypsin, leucine-
rich a2-glycoprotein and fetuin-A were decreased in
advanced liver fibrosis [46]. Identification of serum pro-
tein peaks that are altered in liver cirrhosis and verifica-
tion of their utility in the diagnosis of liver cirrhosis may
lead to the discovery of novel diagnostic markers. Calle-
waert et al. have also recently reported an interesting gly-
coproteomics approach in developing the methodology
for a DNA sequencer-based total serum protein-linked
N-glycans [47]. Their methodology allows for high-
throughput fingerprinting and sequencing of N-glycans
that are present on picomolar amounts of glycoproteins.
Using this method, they compared the serum protein-
linked N-glycan profiles from compensated cirrhotic and
non-cirrhotic chronic liver disease patients, to success-
fully distinguish the pathogenesis of both disease popula-
tions with 79% sensitivity and 86% specificity [48].

2 - Tissue proteomics of NAFLD, hepatic fibrosis and liver
cirrhosis

To predict the progression of NASH and/or hepatic
fibrosis, it is important to gain a better understanding of
the pathogenesis and molecular mechanism(s)
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responsible. To understand the pathogenesis of NAFLD,
tissue proteomics is also considered to be a more effec-
tive tool. Younossi et al. constructed a model to predict
NASH and advanced hepatic fibrosis based upon protein
microarray-phosphoproteomics using liver biopsy sam-
ples, blood samples and visceral adipose tissue [49]. In
this model, using the parameters of age, race, gender, dia-
betes status, AST, phosphorylated-Akt (Ser 473) and
phosphorylated-insulin receptor substrate 1 (IRS1) (Ser
612), it was possible to predict NASH with AUC = 0.860
(81.3% sensitivity and 87.0% specificity) [49]. Charlton
et al. compared the protein expression profiles in four
groups of liver tissue samples (obese normal, simple stea-
tosis, NASH-mild [inflammation grade 1, fibrosis stage
0-1] and NASH-progressive group [fibrosis stage 2-4])
from obese patients using the combination of iTRAQ
with LC-MS/MS [50]. They identified a total of 1362
hepatic-expressed proteins, and found that a 40-kDa ker-
atin sulfate proteoglycan was significantly overexpressed
in a progressive manner in NASH (-mild and -progres-
sive), whereas, fatty acid binding protein-1 (FABP-1) was
underexpressed in both states of NASH [50].

Several groups have performed proteomic analyses using
liver tissue from patients with HCV-related chronic liver
disease. Diamond et al. performed a quantitative proteomic
analysis of HCV-infected human liver tissue from patients
at different stages of fibrosis using *°0/*®0 stable isotope
labeling combined with the accurate mass and time tag
approach, and revealed that 210 of 1641 proteins, including
those associated with carbohydrate and fatty acid metabo-
lism and the mitochondrial oxidative stress response,
exhibited statistically significant differences that were asso-
ciated with the fibrosis stage [51]. Molleken et al. compared
the protein expression in hepatocytes and cells from the
cirrhotic septa of patients with end-stage liver disease asso-
ciated with HCV infection at the time of liver transplanta-
tion using 2-DE-LC-MS/MS [52]. Several structural
proteins were upregulated in cells from fibrotic septa,
which were assumed to have arisen from activated hepatic
stellate cells. One of these identified proteins, microfibril-
associated protein-4 (MFAP-4) was subsequently measured
in serum, and were shown to increase as the fibrosis stage
increased. Although this marker was not able to discrimi-
nate between mild and moderate fibrosis, MFAP-4 was
more useful to diagnose cirrhosis associated with HCV
infection compared with alcoholic liver cirrhosis. In addi-
tion, this report could extend the concept of tissue proteo-
mics into the discovery of serum biomarkers.

D - Proteomic analysis of hepatitis B or C virus
infection

HBV and HCV can induce both acute and chronic
necroinflammatory liver disease, and chronic infection
with both viruses has a very high risk of developing into
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HCC. Thus, biomarkers reflecting the pathogenesis of
viral infection and/or chronic hepatitis are also neces-
sary to elucidate new potential therapeutic approaches.
However, reports of biomarkers that can predict viral
infection or the mechanism of hepatitis have not been
fully investigated.

He et al. compared sera from normal, HBV infected
low- and high-necroinflammatory scoring patients using
2-DE, and identified that the expression of seven pro-
teins, haptoglobin B and a2 chain, apolipoprotein A-I
and A-1IV, al-antitrypsin, transthyretin and DNA topoi-
somerase IIp correlated with the HBV necroinflamma-
tory scores [53]. More recently, Ren et al. performed a
serum proteomic analysis of HBV infection. They com-
pared the changes in serum proteins in patients with
acute-on-chronic liver failure (AoCLF) with those in nor-
mal subjects or in patients with chronic hepatitis B using
2-DE, and identified 12 of 23 differentially expressed pro-
teins [54]. In this analysis, serum levels of a1l-acid glyco-
protein was one of the proteins that were significantly
decreased in patients with AoCLF [54]. Chen’s group per-
formed several in vitro proteomic investigations of HBV-
infected HepG2 hepatoma cells to evaluate the protein
changes associated with virus infection. Using the com-
bined methods of iTRAQ with 2D-LC-MS/MS, they
compared the protein expression in non-infected HepG2
with HBV-infected HepG2 cells to identify several pro-
teins that were down-regulated in HBV-infected cells,
including S100A6 and annexin A2 [55,56]. On the other
hand, the influence of HCV infection is often assessed
in vitro using the HCV replicon system [57]. Jacobs et al.
performed a large-scale proteome analysis of the Huh-7.5
cell line, containing a full-length HCV replicon with the
multidimensional LC-MS/MS technique [58]. Then, they
identified 4,200 proteins, including lipid metabolism-
related proteins, expressed in Huh-7.5 cells. A total of
1,500 proteins were also detected from liver biopsies
from HCV-infected patients. More recently, Singaravelu
et al. utilized a unique labeling probe, a non-directed
phenyl sulfonate ester probe, PS4, which was labeled to a
nucleophilic residue within the active site of the enzyme
molecules to profile the alteration of activity levels during
HCV replication during Huh-7 HCV subgenomic repli-
con [59]. Nineteen active proteins including protein dis-
ulfide isomerase-associated 4, heat shock 70 kDa protein
5 were then identified by 2-DE-LC-MS/MS. Thus, pro-
teomic analysis using HCV replicon is thought to be use-
ful for understanding the mechanism of HCV infection
and replication.

E - Prospects for proteomics in liver diseases

Analysis of phosphorylated or glycosylated peptides and
proteins is increasingly important in biomarker studies
[60]. In addition to identification and localization of

Page 7 of 10

modified sites, analysis of their variation may provide
important clues to complex biological functions and for
exploration of disease biomarkers and new drug
development. The outline of proteomic analysis for
phosphor- and glyco-ptrotein was shown in Figure 1.
Plectin-1 (phospho-Ser-4253) and alpha-HS-glycoprotein
(phospho-Ser 138 and 312) have been identified as bio-
markers of HCC in an analysis targeting phosphorylated
proteins [61].

Differences in carbohydrate chains bound to the same
protein in cancer and normal cells are well known, and
proteomics focusing on differences in glycosylation of
proteins has been performed [62-65]. Different glycosyla-
tion patterns of proteins in HCC tissue and plasma have
been reported in a study in which HCC samples were
pretreated with lectin-bound agarose and the resulting
glycoprotein was analyzed by 2D-DIGE and MALDI-
TOF/MS. Analysis of plasma by nano-LC/MS-MS
showed increased expression of human liver carboxyles-
terase 1 (hCE1) in HCC patients [66]. Block et al. showed
that the hyperfucosylated Golgi Protein 73 (GP73) was
elevated in the serum of patients with HCC based upon
targeted glycoproteomics using the combined method of
HPLC with 2-DE [67]. Lee et al. labeled proteins in the
plasma of HCC patients and healthy controls using
iTRAQ and identified 14 high-level N-linked sugar
chains in the HCC group. Two of the associated proteins
were identified as vitronectin (Asn-169, 242) and antith-
rombin III (Asn-225), and the changes in the sugar
chains were proposed as potential markers of HCC [68].

Samples

Immunoprecipitation

Lectin-column

Glyeoprotein

MALDI-TOF-MS-MS _or LC/MS-MS

Figure 1 The outline for identification of glycol- and phosphor-
protein.
N
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In another study, the level of fucosylated a1 acid glyco-
protein (AGP) was found to be higher in patients with
HBV-related HCC compared to controls, although there
was no significant difference in the total AGP level in
serum between the patients and controls [64]. Peptido-
mics targeting low-molecular-weight peptides [69] and
fragmentomics targeting protein fragments [70,71] may
also be useful in the search for liver disease markers.
Paradis et al. used the ProteinChip SELDI system to
analyze sera from 96 patients with chronic hepatitis C
who were treated with interferon and ribavirin and
found that changes in the number of protein peaks dur-
ing the treatment course was significantly greater in
patients who responded to the treatment compared to
non-responders [72]. The therapeutic effect could be
predicted with an AUROC of 0.75 using a differentiation
method based on a combination of the peak levels of 2
proteins, fibrosis stage, and viral genotype. Therefore,
proteomic analysis may also allow prediction of thera-
peutic effects and identification of proteins related to
these effects, in addition to diagnosis of liver diseases.

Conclusion

In recent decades, proteomic technologies based on
mass spectrometry have been developed, and the relia-
bility of these technologies continues to improve. Such
advancements in proteomic techniques could contribute
to the discovery of clinically useful biomarkers and the
elucidation of the molecular mechanisms involved in
disease pathogenesis. However, such advanced techni-
ques are not necessarily utilized broadly and effectively
because of the costs associated with the introduction of
these technologies and the conscious differences that
exist between developers and users of the application of
identified biomarkers in clinical practice. Thus, as devel-
opers it is essential to make it clear as to how to use
identified biomarker candidates appropriately.

In this review, we provided a survey of recent advances
of proteomic investigations and several findings focused
in liver diseases, including NAFLD, viral hepatitis, hepatic
fibrosis, liver cirrhosis, and HCC. A low correlation
between mRNA and protein expression levels has been
found using exhaustive protein expression analysis [73].
Compared to detection of gene expression using DNA
microarray analysis, techniques such as time-of-flight MS
used in proteomics have relatively weak reproducibility
and operability, and have not been developed sufficiently
to allow wide use at all facilities. However, analysis of
changes in protein expression is essential to investigate
pathological conditions and reactions in vivo because
processes at the organ, tissue and cellular levels are
mostly regulated by proteins. About 20 proteins, includ-
ing albumin and immunoglobulin, account for 99% of
total serum protein, and proteins that may serve as
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biomarkers are present in trace amounts that account for
the remaining 1%. Therefore, a more sensitive detection
system to search for biomarkers is required, and this
may allow discovery of clinically useful markers for all
liver diseases. In addition, clarifying the profile of glycol-
and phosphor-proteins may also be very important in
understanding the pathogenesis of HCC and other liver
diseases. The detection of such post-translational modifi-
cation of proteins may reflect the pathogenesis of disease
states more sensitively and specifically than methods that
only examine the fluctuation of protein expression, as the
profile of glycol- and phosphor-proteins in cancer cell-
surface and -secreted protein are distinct from those in
normal cells.

Proteins are assumed to be key molecules that define
the characteristics and dynamics of cells and control
biological reactions. Therefore, investigation of changes
in protein expression levels is very important in under-
standing disease pathology. Further advances in
proteomics techniques and establishment of simple
and quantitative performance comparable to that of
DNA microarrays are likely to promote proteomic stu-
dies and lead to further breakthroughs in clinical
proteomics.
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Identification of a novel biomarker for oxidative stress
induced by hydrogen peroxide in primary human
hepatocytes using the 2-nitrobenzenesulfenyl chloride

isotope labeling method
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Aim: Oxidative stress is involved in the progression of non-
alcoholic steatohepatitis (NASH). However, there are few
biomarkers that are easily measured and accurately reflect
the disease states. The aim of this study was to identify novel
oxidative stress markers using the 2-nitrobenzenesulfenyl
(NBS) stable isotope labeling method and to examine the clini-
cal utility of these diagnostic markers for NASH.

Methods: Proteins extracted from phosphate buffered
saline- and hydrogen peroxide-loaded human primary hepa-
tocyte were labeled with the ['2C]- and ['*C]-NBS reagents,
respectively. Pairs of peaks with 6-Da differences in which the
['*C]-NBS labeling was more intense than the ['2C]-NBS label-
ing were detected by MALDI-TOF/MS and identified by MS/MS
ion searching.

Results: Four pairs of peaks, m/z 1705-1711, m/z 1783~
1789, m/z 1902-1908 and m/z 2790-2796, were identified as

cytochrome c oxidase Vb (COX6B), liver carboxylesterase 1
(CES1), carbamoyl-phosphate synthase 1 (CPS1) and superox-
ide dismutase (MnSOD), respectively. Furthermore, serum
MnSOD protein levels were significantly higher in NASH
patients than in simple steatosis (SS) patients. The serum
MnSOD levels tended to increase in parallel with the stage of
fibrosis.

Conclusion: The NBS labeling technique was useful to iden-

tify biomarkers. Serum MnSOD may be a useful biomarker
that can distinguish between SS and NASH.

Key words: 2-nitrobenzenesulfenyl, oxidative stress,
MnSOD, non-alcoholic steatohepatitis

INTRODUCTION

N SEVERAL LIVER diseases, including non-alcoholic
steatohepatitis (NASH) and chronic hepatitis C
(CHCQ), oxidative stress is a major pathogenetic event.
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Lipid peroxidation, free radical generation, CYP2E1
induction and mitochondrial dysfunction are known to
induce oxidative stress and contribute to the progression
of NASH and CHC."* Therefore, oxidative stress
markers should be biomarkers that reflect the pattern
and strength of oxidative stress and disease progression.
Several oxidative stress markers for liver diseases includ-
ing 8-hydroxy-2’-deoxyguanosine (8-OHdG), superox-
ide dismutase (SOD) and thioredoxin are well known.
However, the clinical significance of these markers
has not been fully evaluated.*® Thus, oxidative stress
markers that accurately reflect disease states and
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can be easily measured are necessary to accurately diag-
nose NASH or CHC.

In recent years, proteomic techniques, including 2-D
gel electrophoresis (2-DE), have been commonly
used to explore novel biomarkers. However, traditional
2-DE-based proteomic approaches are tedious and have
several limitations, including reduced sensitivity and
lack of quantitative results. Isotope-coded affinity
tagging (ICAT) and isotope tagging for relative and abso-
lute quantitation (iTRAQ) are the most commonly used
chemical isotope labeling methods and can be used to
address many of the limitations of 2-DE. In this report,
we examined a novel stable isotope labeling method, the
2-nitrobenzenesulfenyl (NBS) labeling method devel-
oped by Kuyama et al.” The NBS labeling method is
based on the specific binding reaction of the NBS reagent
to tryptophan residues within a protein, and the 6-Da
mass difference between ['2C]-NBS-labeled and [**C]-
NBS-labeled peptides generates a mass signature for all
tryptophan-containing peptides.”®

Here, we explored novel oxidative stress marker can-
didates using the NBS labeling method and identified
four candidate oxidative stress markers in human
primary hepatocytes including MnSOD. Furthermore,
we verified the clinical significance of MnSOD as a diag-
nostic marker for NASH.

METHODS

Chemicals and materials

HE *CNBS® STABLE isotope labeling kit-N was pur-

chased from Shimadzu Biotech (Kyoto, Japan).
Human primary hepatocytes (a monolayer of human
long-term hepatocytes), which were isolated from a
77-year-old woman, were purchased from Biopredic
International (Rennes, France). 4-Hydroxycinnamic
acid (CHCA) was obtained from Bruker Daltonics
(Bremen, Germany) and 3-hydroxy-4-nitrobenzoic acid
(3H4NBA) was purchased from Sigma Chemical (St
Louis, MO, USA). Sequencing-grade modified trypsin
was from Promega (Madison, WI, USA), and the pro-
tease inhibitor cocktail set III was from Calbiochem
(Darmstadt, Germany).

Cell culture, NBS labeling and identification
of NBS-labeled peptides

Human primary hepatocytes were cultured in a long-
term culture medium.” Confluent human primary hepa-
tocytes (~2 x 10° cells/12.5 cm? flask) were incubated
for 24 h with phosphate buffered saline (PBS) or
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200 uM hydrogen peroxide (H,0,)."*'' Cells were
washed and homogenized in 50 mM phosphate buffer,
pH 8.0, containing 1% protease inhibitor cocktail set
II. The NBS labeling was performed as previously
described.'** Briefly, both cell lysates (100 pg) treated
with PBS or H,O, were labeled with [**C]- or [**C]-NBS
under acidic conditions, respectively. After labeling,
the two respective conditioned protein mixtures
were denatured with urea and reduced with tris(2-
carboxyethyl)phosphine (TCEP) followed by alkylation
with iodoacetamide. NBS-labeled proteins were
digested with trypsin and eluted through phenyl
sepharose using a stepwise gradient of increasing aceto-
nitrile (10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%
and 50%) containing 0.1% trifluoro acetate. Next, the
NBS-labeled peptides were ionized by a combined
application of CHCA and 3H4NBA as described.'*" The
mass spectral data were obtained by MALDI-TOF-TOF-
MS, Autoflex II TOF/TOF (Bruker Daltonics) in positive-
ion and reflectron mode. Pairs of peaks with a 6-Da
difference were identified by MS/MS ion searching using
tandem MS. The data set from the MS/MS ion was ana-
lyzed using the database search engine, Mascot (www.
matrixscience.com), to find the closest match with
known proteins/peptides in the database from the
Swiss-Prot website.

Western blot analysis

Equal amounts of cell lysates from human primary
hepatocytes (4 y1g) were run on sodium dodecylsulfate
polyacrylamide gels and electroblotted onto polyvi-
nylidene fluoride membranes. The blots were probed
with anti-cytochrome ¢ oxidase VIb isoform 1 (anti-
COX6B), anti-liver carboxylesterase 1 (anti-CES1),
anti-carbamoyl-phosphate synthase [ammonia] mito-
chondrial 1 (anti-CPS1) and anti-MnSOD antibodies.
After incubating the membrane with the appropriate
horseradish peroxidase-conjugated secondary antibody,
the reactivity was visualized using an ECL chemilumi-
nescent detection kit (GE Healthcare Biosciences,
Tokyo, Japan).

Real-time reverse transcription polymerase
chain reaction (RT-PCR)

Total RNA was extracted from cells using ISOGEN
(Nippon Gene, Toyama, Japan) according to the manu-
facturer’s instructions. Samples were reverse-transcribed
using the PrimeScript RT reagent Kit (TAKARA Bio,
Shiga, Japan). Synthesized cDNA was amplified using
SYBR Premix Ex Taq II (TAKARA Bio) and analyzed by
StepOnePlus Real-Time PCR Systemns and StepOne
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Table 1 Identification and quantification of 2-nitrobenzenesulfenyl-labeled peak pairs

Accession no.  Protein name Peak pairs Identified sequences
(1ZC_]3CI m/z)
P14853 Cytochrome ¢ oxidase subunit VIb isoform 1 1705-1711 NCWQNYLDFHR
P23141 Liver carboxylesterase 1 precursor 1783~1789 FTPPQPAEPWSFVK
P31327 Carbamoyl-phosphate synthase [ammonia], 1902-1908 GAEVHLVPWNHDFTK
mitochondrial precursor
P04179 Superoxide dismutase [Mn], mitochondrial precursor  2790-2796 ENGGGHINHSIFWINLSPNGGGEPK

Bold and underlined characters highlight the tryptophan (W) residues in the identified peptide sequences.

Software ver. 2.0 (Applied Biosystems, Foster City, CA,
USA). The cycle conditions were as follows: one cycle at
95°C for 30 s followed by 35 cycles each at 95°C for 5 s
and 60°C for 34 s. To normalize the amount of total
RNA present in each reaction, the glyceraldehydes
3-phosphate dehydrogenase (GAPDH) gene was used as
an internal standard.

Serum samples and MnSOD enzyme-linked
immunosorbent assay (ELISA)

Serum samples were obtained from 20 healthy subjects,
15 simple steatosis (SS) patients and 29 NASH patients
after a thorough clinical evaluation. Signed informed
consent was obtained from each patient. The patients
were diagnosed at University Hospital, Kyoto Prefectural
University of Medicine (Kyoto, Japan) and Kagoshima
University (Kagoshima, Japan). The study protocol was
approved by the Ethics Committee of the Kagoshima
University Hospital, the Kyoto Prefectural University
of Medicine and the Miyazaki Prefectural Industrial
Support Foundation. Serum MnSOD levels were mea-
sured by a Human Superoxide Dismutase 2 ELISA
(ADFRONTIER, Seoul, Korea).

Statistical analysis

Differences among three groups were evaluated using
Kruskal-Wallis test followed by Dunn’s multiple com-

parison test. Correlation coefficients were calculated
by Spearman’s rank correlation analysis. A receiver—
operator curve (ROC) was constructed by plotting the
sensitivity and specificity (100 - specificity) for each
value.

RESULTS

HE NBS-LABELED peptides from human primary

hepatocytes were analyzed by MALDI-TOF/MS, and
73 pairs of peaks with 6-Da differences were detected in
all mass spectra. Among these pairs of peaks, 44 pairs had
a greater signal intensity in the H,O,-loaded sample
compared to the PBS-loaded sample (data not shown).
Among these 44 pairs of peaks, four peak pairs, m/z
1705-1711, m/z 1783-1789, m/z 1902-1908 and m/z
2790-2796, were identified as COX6B, CES1, CPS1 and
superoxide dismutase (Mn), mitochondrial (MnSOD),
respectively, by MS/MS ion searching (Table 1). The MS
spectrum of the m/z 2790-2796 pair and the MS/MS
spectrum of 2796 m/z (["*C]-NBS labeled; MnSOD) are
shown in Figure 1(a,b), respectively. Western blotting
and real-time RT-PCR revealed that the protein and
mRNA expression for each of these molecules increased
in human primary hepatocytes after H,O, loading
(Fig. 1c-e).

B

Figure 1 Typical MS spectrum and MS/MS spectra from a proteomic analysis. (a) MALDI-TOF/MS spectra of a pair of peaks,
2790-2796 m/z, and the relative intensities of the [**C]-2-nitrobenzenesulfenyl (NBS)-labeled peak compared to the [*>C]-NBS-
labeled peak. Relative intensities are the means of two independent values analyzed by Autoflex II TOF/TOF. (b) MS/MS spectra of
2796 m/z ([13C]-NBS-labeled). From the detected MS/MS spectra, superoxide dismutase (Mn) mitochondrial was identified. (c)
Equal amounts of cell extracts (4 pg) from human primary hepatocytes loaded with 200 uM hydrogen peroxide (H.O,) for 24 h
were separated by sodium dodecylsulfate polyacrylamide gel electrophoresis and then immunoblotted with cytochrome ¢ oxidase
VIb isoform 1 (COX6B)-, liver carboxylesterase 1 (CES1)-, carbamoyl-phosphate synthase (ammonia), mitochondrial 1 (CPS1)-,
superoxide dismutase [Mn], mitochondrial (MnSOD)- or B-actin-specific antibodies. (d) Quantitative representation of the western
blot data. The results have been normalized to B-actin levels and are expressed as the levels relative to untreated cells. The data are
the means of duplicate cultures. (e) The mRNA expression levels of COX6B, CES1, CPS1, MnSOD and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) were measured by real-time polymerase chain reaction. The results have been normalized to GAPDH and
are expressed as the levels relative to untreated cells. The data are the means of duplicate cultures. PBS, phosphate buffered saline.
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