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Abstract

Background Recently, a novel marker, hyperglycosylated
Wisteria floribunda agglutinin-positive Mac-2 binding
protein (WFAT-M2BP), was developed for liver fibrosis
using the glycan “sugar chain”-based immunoassay;
however, the feasibility of WFA'-M2BP for assessing
liver fibrosis has not been proven with clinical samples of
hepatitis.

Methods Serum WFA'-M2BP values were evaluated in
200 patients with chronic liver disease who underwent
histological examination of liver fibrosis. The diagnostic
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accuracy of WFAT-M2BP values was compared with
various fibrosis markers, such as ultrasound based-virtual
touch tissue quantification (VTTQ), magnetic resonance
imaging based-liver-to-major psoas muscle intensity ratio
(LMR), and serum markers, including hyaluronic acid, type
4 collagen, and aspartate transaminase to platelet ratio
index (APRI).

Results Serum WFAT-M2BP levels in patients with
fibrosis grades FO, F1, F2, F3, and F4 had cutoff indices
1.62, 1.82, 3.02, 3.32, and 3.67, respectively, and there
were significant differences between fibrosis stages F1 and
F2, and between F2 and F3 (P < 0.01). The area under the
receiver operating characteristic curves for the diagnosis of
fibrosis (F > 3) using serum WFA1-M2BP values (0.812)
was almost comparable to that using VITQ examination
(0.814), but was superior to the other surrogate markers,
including LMR index (0.766), APRI (0.694), hyaluronic
acid (0.683), and type 4 collagen (0.625) (P < 0.01 each).
Conclusions Serum WFAT-M2BP values based on a
glycan-based immunoassay is an accurate, reliable, and
reproducible method for the assessment of liver fibrosis.
This approach could be clinically feasible for evaluation of
beneficial therapy through the quantification of liver
fibrosis in hepatitis patients if this measurement application
is commercially realized.

Keywords Liver fibrosis - Chronic hepatitis - M2BP -
Mac-2 binding protein - VITQ - Fibrosis marker

Abbreviations

ALT Alanine aminotransferase

APRI Aspartate transaminase-to-platelet ratio
index

ARFI Acoustic radiation force impulse

AST Aspartate aminotransferase
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COI Cutoff index

Gd-EOB-DTPA  Gadolinium ethoxybenzyl
diethylenetriamine pentaacetic acid

HBsAg Hepatitis B virus surface antigen

HBV Hepatitis B virus

HCV Hepatitis C virus

HCVADb Hepatitis C virus antibody

LMR Liver-to-major psoas muscle intensity
ratio

m/s Meters per second

MRI Magnetic resonance imaging

NPV Negative predictive value

nonBnonC Negative for hepatitis B virus surface
antigen and hepatitis C virus antibody

PBC Primary biliary cirrhosis

PPV Positive predictive value

ROC Receiver operating characteristic

VTTQ Virtual Touch™ Tissue Quantification

WFAY-M2BP  Wisteria floribunda agglutinin-positive
Mac-2 binding protein

Introduction

The management of chronic liver disease depends on the
degree of liver fibrosis. Therefore, assessment of the degree
of liver fibrosis is important for choosing a therapeutic
strategy and for determining the prognosis [1, 2]. Liver
biopsy is the gold standard method for evaluating the degree
of liver fibrosis [3]. However, the invasiveness of liver
biopsy, its potential for life-threatening complications, and
sampling errors place a heavy burden on those patients with
hepatitis who require follow-up [4 6]. Therefore, many
reports have demonstrated non-invasive examination
methods for assessing the degree of liver fibrosis, which
might be alternatives to liver biopsy, such as new serum
markers and transient elastography [7 9]. However, none of
these studies developed a definitive method.

Recently, a novel marker for liver fibrosis was devel-
oped using the glycan “sugar chain”-based immunoassay,
and the FastLec-Hepa system was used to determine serum
values of “sweet-doughnut” hyperglycosylated Wisteria
floribunda agglutinin-positive Mac-2 binding protein
(WFAT-M2BP) for the assessment of liver fibrosis [10,
11]. This unique technical approach supported by multiple
lectin-assisted glycan profiling may be applicable to the
development pipeline for a wide variety of glycodiagnostic
tools. However, the feasibility of WFA'-M2BP for
assessing liver fibrosis has not been proven with clinical
samples of hepatitis.

A method based on acoustic radiation force impulse
(ARFI) imaging, with virtual touch tissue quantification
(VTTQ), has been developed to evaluate liver fibrosis.

VTTQ measurements can be performed during observation
of a particular liver lesion with an ultrasonic probe, and
measurements are reproducible compared with transient
elastography [12, 13]. For assessment of liver imaging, we
have developed magnetic resonance imaging (MRI) using
gadolinium ethoxybenzyl diethylenetriamine pentaacetic
acid (Gd-EOB-DTPA) enhancement to assess liver func-
tion, which may vary inversely for liver fibrosis with the
passing grade [14]. Indeed, the increase in rate of liver-to-
major psoas muscle intensity ratio (LMR) in the hepatob-
iliary phase compared with the precontrast image is best
correlated with the degree of liver fibrosis, and significantly
decreases as liver fibrosis progresses (FO F4).

This study aimed to compare the diagnostic accuracy of
serum WFAT-M2BP values using the area under receiver
operating characteristic (ROC) curves. The diagnostic
performance of serum WFA"-M2BP values was compared
with validated surrogate fibrosis markers, including VITQ,
the MRI-LMR index, and serum markers, such as hyalu-
ronic acid, type 4 collagen, and the aspartate amino-
transferase-to-platelet ratio index (APRI).

Methods
Patients

The study cohort consisted of 200 adults, including 40
healthy volunteers and 160 patients with or without hepa-
titis, who underwent hepatectomy or living donor liver
transplantation, and whose serum WFA*-M2BP values and
liver stiffness by VITQ were measured at Kyushu Uni-
versity Hospital. Serum samples of inferior quality, which
had the potential of measurement errors, such as those with
hemolysis, milky fluid, or protein aggregation, were
excluded [15]. Of the 160 patients, 106 were positive for
antibody to hepatitis C virus (HCVADb), 21 were positive
for hepatitis B virus (HBV) surface antigen (HBsAg), 12
had hepatitis due to alcohol, and 21 were negative for
HBsAg and HCVADb. The study protocol conformed to the
ethical guidelines of the 1975 Helsinki Declaration and was
approved by our institutional review board.

Liver histology and quantification of liver fibrosis

All liver specimens were obtained by surgical resection and
were fixed in formalin, embedded in paraffin wax, and
stained with hematoxylin and eosin and Masson’s tri-
chrome. The fibrosis staging in all surgical specimens was
determined independently by two pathologists who did not
know the VTITQ values. In case of discrepancies, histo-
logical sections were simultaneously reviewed using a
multi-pipe microscope to reach a consensus. Fibrosis was
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staged on a scale of 0 4 according to the METAVIR
classification [18], with FO indicating no fibrosis; FI,
enlarged, fibrotic portal tracts; F2, periportal or portal
portal septa but intact architecture; F3, fibrosis with
architectural distortion but no obvious cirrhosis; and F4,
probable or definite cirrhosis.

Direct measurement of serum Mac-2 binding protein

The method of assessment of WFAT-M2BP was as follows
[10, 11]. A glycan-based immunoassay, FastLec-Hepa, was
developed as a simple and accurate system to automatically
detect a unique fibrosis-related glyco-alteration in serum
hyperglycosylated WFA*-M2BP. Briefly, the Wisteria
floribunda agglutinin (WFA)-antibody immunoassay using
the HISCL-2000i bedside clinical chemistry analyzer was
developed to measure WFA'-M2BP values. These values
were successfully adjusted every reaction condition during
the automatic assay, and heat pretreatment of the serum
was avoided to ensure binding avidity and a fast associa-
tion rate within just 17 min. The measured values of
WFA'-M2BP conjugated to WFA were indexed with the
obtained values using the following equation:

Cutoff index (COI) = ([WFA™ — M2BP]gpie
— [WFA* - M2BP|y.)/(IWFA™ - M2BP,)
— [WFA™ - M2BP)y.

[WFA"-M2BP]smpie, WFAT-M2BP count of serum sam-
ple (PC, positive control; NC, negative control) [10, 11].

VTTQ and ARFI

The VITQ system was installed on an ACUSON model
S$2000 ultrasound system (Siemens Medical Solutions, Inc.,
Ultrasound Division, Issaquah, WA, USA). The operators
were surgeons trained by Siemens Medical Solutions, Inc.
The VTTQ system uses an acoustic push pulse to generate
shear waves, which pass through the liver parenchyma
orthogonally to the acoustic push pulse, through a user-
placed region of interest. When detection pulses interact
with a passing shear wave, they reveal the wave’s location
at a specific time, allowing calculation of the shear wave
speed. This absolute numerical value is related to the
stiffness of the tissue within the region of interest [16, 17],
and the results are expressed in meters per second (m/s).
For each patient, seven successful measurements were
performed several days before surgical operations during
which histological specimens were obtained. The mea-
surement of VITQ in the right lobe of the liver was per-
formed by placing the ultrasonic probe on the right
intercostal space at a depth from 2 to 4 cm [9]. The median
value of all measurements and the standard deviation of all

@ Springer

right and left VITQ measurements for each patient were
considered for analysis.

Analysis of the MRI-LMR index

The analysis system of the LMR in MRI using Gd-EOB-
DTPA enhancement was as follows [14]. Briefly, the signal
intensities were measured by placing as large a region of
interest as possible on the left and right lobes of the liver
parenchyma and major psoas muscle, avoiding vessels,
tumors and artifacts, and one slice without significant
artifacts for the precontrast image and hepatobiliary phase
was selected. The increase in rate of the LMR in the he-
patobiliary phase compared with the precontrast image was
calculated using the following equation:

(LMR in the hepatobiliary phase
—LMR on the precontrast image)/
LMR on the precontrast image

[14].
Surrogate serum markers

For all patients, blood samples were obtained on the same day
that the VITQ examination was performed, and they were
examined in the same laboratory. The following parameters
were determined: hyaluronic acid levels, type 4 collagen,
platelet count, aspartate aminotransferase (AST) levels, ala-
nine aminotransferase (ALT) levels, ICG-R15, and the APRI.
The APRI was calculated as follows: AST level (per upper
limit of normal; 33 U/L) x 100/platelet count (10°/L) [18, 19].

Statistical analysis

Differences between quantitative variables for paired sam-
ples were analyzed using a nonparametric test (Wilcoxon
rank sum test with Bonferroni’s adjustment). The sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) of optimal cutoff values of liver
surrogate fibrosis markers for the diagnosis of liver fibrosis
were calculated as described [18, 19]. In addition, the diag-
nostic value of liver stiffness for predicting significant liver
fibrosis (F1 F3) and cirrhosis (F4) was assessed by calcu-
lating the areas under the ROC curves. The ROC curve is a
plot of sensitivity versus 1-specificity for all possible cutoff
values. The most commonly used index of accuracy is the
area under the ROC curve, where values close to 1.0 indicate
high diagnostic accuracy, and 0.5 indicates a test of no
diagnostic value. The optimal liver stiffness cutoff values
used for the diagnosis of significant fibrosis and cirrhosis
were selected based on the sensitivity, specificity, PPV, and
NPV [18 20]. Statistical analysis of the differences between
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the areas under the ROC curves was based on the theory of
generalized U-statistics [21]. All of the differences were
considered statistically significant at P < 0.05.

Results
Patients and liver specimens

Subject characteristics are summarized in Supplementary
Table 1. The mean age of the 200 subjects (135 men and 65
women) was 64 & 20 years. The 200 enrolled adults con-
sisted of 40 healthy volunteers and 160 patients with or
without hepatitis; of the latter, 106 were positive for HCVADb,
21 were positive for HBsAg, 12 had hepatitis due to alcohol,
and 21 were negative for HBsAg and HCVAb (nonBnonC).
Of the 200 surgical liver specimens, 84 had fibrosis grade FO;
45 were F1, 21 were F2, 16 were F3, and 34 were F4.

Liver fibrosis assessed by WFA*-M2BP values

Figure 1 shows box plots of serum WFA*-M2BP values
for each fibrosis stage. Serum WFA*-M2BP values mea-
sured by the glycan-based immunoassay ranged from 0.22
to 8.69 (COT). WFA"-M2BP levels in patients with fibrosis
grades FO (n = 84), F1 (n=45), F2 (n =21), F3
(n = 16), and F4 (n = 34) had COIs of 1.62, 1.82, 3.02,
3.32, and 3.67, respectively. There were significant dif-
ferences between fibrosis stages F1 and F2 (P < 0.01), and
between fibrosis stages F2 and F3 (P < 0.01) (Fig. 1).

Correlation of WFA*-M2BP values with VTTQ,
the LMR index, and serum markers of liver fibrosis

The log of WFA"-M2BP correlated with VITQ results, a
significant indicator of liver stiffness as liver fibrosis
(P = 0.0001) (Fig. 2a). Log WFAT-M2BP values were
also inversely related with the LMR index, a significant
indicator of liver function that varies inversely with liver
fibrosis (P = 0.0001) (Fig. 2b), as well as with type 4
collagen concentrations (P = 0.0080) (Fig. 2c) and the
APRI (P = 0.0001) (Fig. 2d), but not with hyaluronic acid
(Fig. 2e) and ICG-R15 concentrations (Fig. 2f).

APRI, aspartate transaminase-to-platelet ratio index; LMR,
liver-to-major psoas muscle intensity ratio; VITQ, Virtual
Touch™ Tissue Quantification; WFAT-M2BP, Wisteria flo-
ribunda agglutinin-positive Mac-2 binding protein.

Diagnostic capability of WFAT-M2BP values for each
type of liver fibrosis

The areas under the ROC curve for the diagnosis of types of
fibrosis F1, F2, F3, and F4 with serum WFA*-M2BP values

7.0
6.0 —

5.0 o

4.0 - ‘]-

1.82
2.0 4 I
1.0 o

0

(COoI)

M2BP

* P<0.01
(Wilcoxon rank sum test
with Bonferroni’s adjustment)

FO F1 F2 E3 F4
(n=84) (n=45) (n=21) (n=16) (n=34)

Fig. 1 Box and whisker plot of serum WFA™ M2BP values for each
fibrosis stage. The rops and bottoms of the boxes represent the first
and third quartiles, respectively, with the height of the box represents
the interquartile range, covering 50 % of the values. The line through
the middle of each box represents the median. The error bars show
the minimum and maximum values (range). Significant correlations
were found between the stage of fibrosis and serum WFA* M2BP
values, and there were significant correlations between fibrosis stages
F1 and F2 (P <0.01) and between fibrosis stages F2 and F3
(P < 0.01). Asterisk Statistically significant by the Wilcoxon rank
sum test with Bonferroni’s adjustment; P < 0.01. WFA™ M2BP,
Wisteria floribunda agglutinin positive Mac 2 binding protein

were 0.686, 0.820, 0.817, and 0.806, respectively (Fig. 3).
The optimal cutoff values were 1.00 m/s for F > 1, 1.86 m/
s for F > 2,221 m/s for F > 3, and 2.64 m/s for F > 4
(Table 1). The sensitivity of the serum WFA"-M2BP cut-
offs for fibrosis grades F > 1, F > 2, F > 3, and F > 4
was 84.6, 84.7, 88.2, and 82.4 %, whereas the specificity
was were 47.6, 74.4, 78.7, and 71.9 %, respectively. The
sensitivity of VITQ cutoffs for these fibrosis grades was
81.9, 70.4, 72.6, and 82.4 %, respectively, while the spec-
ificity was 70.2, 82.2, 83.3, and 79.5 %, respectively
(Table 1, Supplementary Table 2). Thus, WFAT-M2BP
cutoffs were more sensitive, but less specific, in predicting
liver fibrosis in each grade than the VITQ cutoffs.

Comparison of WFA"-M2BP with other indicators
for the diagnosis of fibrosis stage >3

We compared the area under the ROC curves of VITQ, the
LMR index, and serum markers (APRI, hyaluronic acid, and
type 4 collagen) with that of WFAT-M2BP values. The cutoff
values were determined, as described above. The area under
the ROC curves for the diagnosis of fibrosis (F > 3) using
serum WFA'-M2BP values (0.812) was comparable to that
using VITQ examination (0.814), but was significantly
superior to the other surrogate markers, including LMR index
(0.766), APRI (0.694), hyaluronic acid (0.683), and type 4
collagen (0.625) (P = 0.0001 each; Fig. 4). Serum WFA™-
M2BP, VTTQ, LMR index, APRI, hyaluronic acid
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Fig. 2 Correlation of WFA™
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concentration, and type 4 collagen concentration cutoffs had
sensitivities for fibrosis grades F > 3 of 88.2, 72.6, 52.9, 66.7,
85.1,and 88.1 %, respectively; specificities of 78.7, 83.3,78.7,
78.9,40.8,and 40.5 %, respectively; PPVsof58.9 %, 60.0 %,/
48.2,59.6, 34.5, and 33.0 %, respectively; and NPVs of 94.5,
89.9, 834, 83.5,96.2, and 91.1 %, respectively (Table 2).
The areas under the ROC curves for the diagnosis of fibrosis
(F > 4) were comparable for serum WFA-M2BP (0.806) and
VTTQ (0.827), but significantly superior to the other surrogate
markers, including LMR index (0.776), APRI (0.673), hyalu-
ronic acid (0.657), and type 4 collagen (0.632) (P = 0.0001
each; Supplementary Figure 1 and Supplementary Table 3).

Diagnostic capability of WFAT-M2BP values for liver
fibrosis in each groups

The area under the ROC curves for the diagnosis of fibrosis
(F > 3) using serum WFA'-M2BP values was 0.797 in the

@ Springer

(4]
Log(M2BP)

— 5
3

[

1 2 3 -3 -2 -1 0 1
Log(M2BP)

107 patients positive for HCVAb and 0.822 in the 21
patients negative for HBsAg and HCVADb, but was insuf-
ficient (0.620) in the 21 patients positive for HBsAg. The
sensitivity, specificity, PPV, and NPV for the fibrosis
grades >F3 in these three sets of patients using the serum
WFA*T-M2BP cutoff were 96.7 %/100.0 %/61.5 %,
63.6 %/73.3 %/87.5 %, 50.9 %/60.05/88.9 %, and 98.0 %/
100.0 %/58.3 %, respectively.

Discussion

This is the first report to quantify liver fibrosis in a large
population using serum WFAT-M2BP values by the gly-
can-based immunoassay, FastLec-Hepa, which was devel-
oped as a simple and accurate system for automatically
detecting unique fibrosis-related glyco-alterations. The
accuracy of WFAT-M2BP values for diagnosing liver
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Fig. 3 Diagnostic ability of serum WFA* M2BP values to assess
stages of liver fibrosis. The areas under the ROC curves of serum
WFA™ M2BP values for diagnosing liver fibrosis were a 0.698 for
grade F > 1, b 0.837 for grade F > 2, ¢ 0.812 for grade F > 3, and
d 0.795 for grade F > 4. ROC receiver operating characteristic,
WFA" M2BP Wisteria floribunda agglutinin positive Mac 2 binding
protein

Table 1 WFA' M2BP values for assessment of liver fibrosis

Optimal Sensitivity  Specificity PPV~ NPV
cutoff (COI) (%) (%) %) (%)
F>1 100 84.6 47.6 69.2  69.0
F>2 186 84.7 74.4 649 897
F=3 221 88.2 78.7 589 945
F>4 264 824 71.9 373 952

Optimal cutoff points gave the highest total sensitivity and specificity

APRI Aspartate transaminase to platelet ratio index, COI cutoff
index, WFA* M2BP Wisteria floribunda agglutinin positive Mac 2
binding protein, m/s meters per second NPV negative predictive
value, PPV positive predictive value, VITQ Virtual Touch™ Tissue
Quantification

fibrosis grade F > 3, measured as sensitivity, specificity,
PPV, and NPV, was better than that for other surrogate
markers, such as the MRI-LMR index and other serum
markers of liver fibrosis, including levels of hyaluronic
acid, type 4 collagen, and the APRI. WFA*-M2BP could
be an alternative non-invasive serum marker for liver
biopsy for assessing liver fibrosis.

No reports have demonstrated the feasibility of serum
WFA-M2BP values as a predictor of liver fibrosis, and the
function of WFAT-M2BP is unclear. Iacobelli et al. [22]
identified WFAT-M2BP in 1986 as a tumor-associated
antigen and detected it in culture media using a monoclonal
antibody from CG-5 breast cancer cell lines. WFA*-M2BP

is a highly glycosylated secreted protein, a plant hemag-
glutinin Mac-2 (galectin-3) ligand, and has 90-kDa sub-
units, hence, the name 90K. WFA"-M2BP mainly
mediates cell-to-cell and cell-to-matrix interactions, and is
involved in cell proliferation and angiogenesis [23 25] by
inducing the expression of cytokines, such as interleukin
(IL)-1, IL-2, and IL-6 [23 25]. Indeed, endogenous
WFA*-M2BP ligands laminin, fibronectin, and lysosome-
associated membrane protein [26, 27], and enhances cell
adhesion and the extracellular matrix to promote fibrosis.
Therefore, expression of WFA'-M2BP levels may be
proportional to the degree of liver fibrosis in patients with
chronic liver diseases.

In our study, serum WFAT-M2BP values had better
diagnostic ability for assessment of liver fibrosis than the
other serum markers, such as the APRI, hyaluronic acid,
and type 4 collagen, as evaluated by the area under the
ROC curves. For diagnosing fibrosis stage >3, the speci-
ficity and PPV using serum WFA*-M2BP were 78.7 and
58.9 %, respectively compared with 78.7 and 48.2 %,
respectively, using APRI; 40.8 and 34.5 %, respectively,
using hyaluronic acid, and 40.5 and 33.0 %, respectively,
using type 4 collagen cutoffs. These results suggest that
examination of serum WFAT-M2BP values is the most
accurate diagnostic tool for liver fibrosis among the serum
markers investigated in this study.

The diagnostic significance of surrogate markers in liver
fibrosis has been evaluated distinguishing F3 from F2
fibrosis. The clinical significance of distinguishing F3 from
F2 fibrosis has been widely accepted in the follow-up of
patients with viral hepatitis, and also has been linked with
hepatocarcinogenesis [28, 29]. The annual carcinogenesis
rate was reported to be correlated with the stage of liver
fibrosis in the study of 2,890 patients with hepatitis [28].
The annual incidence of hepatocellular carcinoma in
patients with severe liver fibrosis of grade F3 is high
(5.3 %), whereas the incidence in those with moderate liver
fibrosis of grade F2 is low (1.9 %) [29]. Therefore, fibrotic
change is closely correlated with hepatocarcinogenesis in
patients with viral hepatitis, and it is critically important to
distinguish between liver fibrosis of grades F3 and F2,
which was the cause of the favorable point for the serum
WFA™-M2BP examination superior to the other markers in
our study. In addition, we found that the measurement time
for our glycan-based immunoassay was only 17 min,
which has practical implications. However, a limitation is
that its measurement was just applied by the glycan “sugar
chain”-based immunoassay, the FastLec-Hepa system,
which is currently only available in a few selected insti-
tutions. Commercial application of this system is a primary
goal for evaluation of a clinically beneficial therapy
through quantification of liver fibrosis in hepatitis patients.
This study, however, had one important limitation, in that
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Fig. 4 Comparison of WFA™ M2BP with other indicators for the
diagnosis of fibrosis stage F > 3 by areas under the receiver operating
curves (ROC). The areas under the ROC curves for the diagnosis of
grade F > 3 fibrosis were a 0.812 for serum WFA™ M2BP, b 0.814
for VITQ, ¢ 0.766 for LMR index, d 0.694 for APRI, e 0.683 for
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hyaluronic acid, and f 0.625 for type 4 collagen. APRI aspartate
transaminase to platelet ratio index, LMR liver to major psoas muscle
intensity ratio, ROC receiver operating characteristic, VI7TQ Virtual
Touch™ Tissue Quantification, WFA™ M2BP Wisteria floribunda
agglutinin positive Mac 2 binding protein

Table 2 Diagnostic performance of indicators predicting liver fibrosis (F > 3)

Optimal cutoff Sensitivity (%) Specificity (%) PPV (%) NPV (%)
WFA* M2BP 2.21 (COI) 88.2 78.7 58.9 94.5
VTTQ 1.77 (m/s) 72.6 83.3 60.0 89.9
LMR index 1.15 66.7 78.9 59.6 83.5
APRI 338 52.9 78.7 48.2 83.4
Hyaluronic acid 58.0 (ng/mL) 85.1 40.8 345 96.2
Type 4 collagen 125.0 (ng/mL) 88.1 40.5 33.0 91.1

Optimal cutoff points gave the highest total sensitivity and specificity

APRI Aspartate transaminase to platelet ratio index, COI cutoff index, WFA' M2BP Wisteria floribunda agglutinin positive Mac 2 binding
protein, m/s meters per second, NPV negative predictive value, PPV positive predictive value, VITQ Virtual Touch™ Tissue Quantification

the number of patients with a fibrosis score of F3 was
relatively low. Most patients who underwent hepatectomy
had Child-Pugh grade A liver function and fibrosis scores
of FO, F1, and F2, whereas most patients who underwent
living donor liver transplantation had liver cirrhosis (F4).
Accumulation of addition liver specimens by surgical
resection may be necessary.

We have previously demonstrated that VITQ values are
correlated with liver fibrosis [9, 12, 13]. Compared with
VTTQ, serum WFAT-M2BP values were almost equal for
predicting liver fibrosis >F3, with similar areas under the
ROC curves (0.812 vs 0.814) and similar sensitivity (88.2
vs 72.6 %), and specificity (78.7 vs 83.3 %). However, this
VTTQ method has some limitations compared with serum
WFAT-M2BP values. First, the diagnostic accuracy of
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VTTQ values in the right and left lobes of the liver was
significantly different; VITQ values in the right lobe were
more accurate for diagnosing liver fibrosis than those in the
left lobe, as evaluated by the area under the ROC curves
and the standard deviations of each VTTQ value [9]. The
other limitation is the lower diagnostic accuracy of VITQ
values in fatty liver compared with other types of hepatitis
for predicting liver fibrosis [30]. Therefore, the diagnostic
accuracy for assessment of liver fibrosis needs to be
compared between serum WFAT-M2BP and VTTQ values
in these marginal clinical cases in the future. In addition,
the VITQ system installed on the ultrasound system by
Siemens Medical Solutions is expensive [15 17]. There-
fore, it may have the clinical significance of the WFA™-
M2BP assessment for the medical economy to assess the
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liver fibrosis for choosing a therapeutic strategy if the
serum WFA'-M2BP examination by the glycan ‘sugar
chain’-based immunoassay spread more widely in the
world.

With regard to the MRI-LMR index, the liver-specific
contrast agent, Gd-EOB-DTPA, is widely used to improve
the detectability of focal liver lesions and the character-
ization of liver tumors on MRI [31]. Gd-EOB-DTPA is
specifically taken up by hepatocytes. Therefore, the uptake
of Gd-EOB-DTPA in the liver could directly reflect the
function of the liver, which varies inversely with liver
fibrosis. The present study showed that serum WFA™-
M2BP values had better diagnostic ability than the LMR
index in predicting of liver fibrosis >F3, with higher areas
under the ROC curves (0.812 vs 0.766), sensitivity (88.2 vs
66.7 %), and NPV (94.5 vs 83.5 %). Considering these
results, WFAT-M2BP values may indicate liver fibrosis, as
well as liver function. The specific function of WFA™-
M2BP in the progress of liver fibrosis urgently needs to be
clarified by basic research.

In assessing the heterogeneity of samples, we found that
the area under the ROC curves for the diagnosis of fibrosis
(F > 3) using serum WFAT-M2BP values was insufficient
(0.620) only in the 21 patients positive for HBsAg. Simi-
larly, measurements of liver stiffness, using VITTQ and
transient elastography, were shown superior in patients
with HCV than in those with HBV [32]. The impact of
HBV infection on the function of activated WFA"-M2BP
in fibrosing liver has not been determined, suggesting the
need for further research. In classifying liver inflammation
in the 160 patients (n = 160) as A1-A4 by the METAVIR
grading system, we found that 33 were classified as AQ
(2.04 £0.39), 73 as Al (2.75+£0.26), 38 as A2
(2.70 £ 0.37), 16 as A3 (2.11 & 0.56), and none as A4 by
the METAVIR grading system [33]. WFAT-M2BP levels
did not correlate significantly with hepatic inflammatory
activity in the general patient cohort and in the three
groups, those with HCV, with HBV, and nonBnonC. These
findings are in agreement with those of previous reports
[10, 11], which did not observe a correlation between
WFAT-M2BP levels and inflammatory activity. Further
research is needed to clarify the molecular mechanisms of
hepatic WFA*-M2BP production in patients with different
etiologies and inflammatory grades of hepatitis.

The previous report [34] analyzed the ability of serum
M2BP levels to predict liver fibrosis only in patients with
HCV [34]. In that study, however, M2BP concentrations
could distinguish only between patients classified as F4 and
those classified as FO, F1, or F2, but could not differentiate
patients classified as FO to F3. Our previous reports [10, 11]
showed that a WFA-antibody sandwich ELISA (glycan-
based immunoassay) was superior to screening with
monoclonal anti-M2BP antibody in accelerated stability

and spiking tests by using lectin microarray analysis and
human embryonic kidney 293 (HEK293) cells [10, 11].
Human endogenous M2BP consists of 10 16 monomers,
each weighing 1000 1500 kDa, with 70 112 N-glycans
attached to each macromolecule [34]. Since alterations in
M2BP during the progression of liver disease and fibrosis
were due to changes in N-glycosylation, measurements of
serum hyperglycosylated WFA*-M2BP by glycan-based
immunoassays, FastLec-Hepa, seemed reasonable.

In conclusion, examination of serum WFA'T-M2BP
values based on a glycan-based immunoassay is an accu-
rate, reliable, and reproducible method with which to
assess liver fibrosis in patients with hepatitis. This
approach could be clinically feasible for evaluation of
beneficial therapy through the quantification of liver
fibrosis in hepatitis patients if this measurement application
is commercially realized.
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