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Acyclic retinoid inhibits diethylnitrosamine-induced liver tumorigenesis
in obese and diabetic CS7BLKS/J- +Lepr®/+Lepr® mice
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PR ADOFHOTEDHIZIE, BERELAN
12 & B EH AALEETF B (cancer chemoprevention) 2S5
Thsb. HE, EROEBREFTHELFLEY A NVARK
BT NI VOREBIIZME, ¥R ViKEHE,
Insulin like growth factor (IGF) /IGF-1 £ &R0 BRIEME,
TFARFA M4 L ORGE, AR OEIICEE
SBMAE, BLA ML ADTTES, EHRERRFIC
Lo TERINIHALSTEEDN, FHRPADE
A ERIZECHESELTWABIEFHELPIIR>T
XTWwa ", F7-, ET NV I— VBRI (NASH:
Non-alcoholic steatohepatitis) &, FFHEMPAX*ERX B ET
FEETRERBETHLP (K1), ThHO|ER, %
BERNARLERZES L > TERICEELZSFE
FERWE - GIHTEI LD, FREPATFHICENLT
BEUERBTALOTHS. INFEMTLIEFY
AELT, BEFERICES ¥ v RERELYE
THHEET I/ BOWTHEEY, Bt a5k
REEFELEBEOFRESAFEEIIH L 2BERR
B (LOTUS &8 & ?, Zo{EARFLLTA v RY ¥
EHEOYUEHIEETHAI L2 RLERLDE
BEBOHERP S5 .

—F, A IS5 T T, MBOERNESZHI#HT

ALF 74 FENRZEME RXR a5, Ras/MAPK/ERK {2
IDEEMIC CEBLESEZUBERERE L
T, o sqt - i - (TR =P R) ICEF %
HELBIED, HEVPADEELANZALD—DT
HEZELRRELTELYY. RXRaDT7I=AMTH
BIEALF /A F (EMEEERASH) 3, RXRa K
FHEOHKA LRETORBERAGL, TR0
FELMAAEEOREEE A LT, A
MHBREREETL SHEZEBKLF /A FIE
RXRa DY H Y FELTOEADA% 5T, RXRa @
) UEMEIEEH T O DR BB L, TOREYRET S
EREBETHIEN, MEOHETHLPIIL-TE
Tw5 (HM2)97, FABERAMARBRICBVT, FEEX
VF /A4 FRUBFFAREGEEROZRFES A
BEEIIFT L EDICEFRIYWET S I LR
ENFz/zd ¥ WRAOFFESAIHE] & LTOE
RISHADPHFESN T3,

SEFEL I, FBERXLF A FAMRREICBE L2
EHEER T 20, DTOREE2T-72 LTF
VEEAEO mutant THEORR - EWRFEE X9
db < A, FMEERPAYWE TH % diethylnitrosamine
(DEN) % 2 BEHKES L CHEEZFR L0,
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i NASH: non-alcoholic steatohepatitis [
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.
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Liver '

HBV/HCV Infection Development of HCC "

1 [IEWBEES FEEEIFENTA
IRFEPHERIFIC Lo TERINDEA ROTFRE (1 VR VIEHUE, IGF/IGF-1 2BEGOBREE, 774 Ry 4 b
H A OREE, BEIES) T VI — VEREIFFS (NASH) 13, FFHIEPADEDA - ERICECES LTS,
HBYV: hepatitis B virus, HCC: hepatocellular carcinoma, HCV: hepatitis C virus, IGF: insulin like growth factor, IGFBP: insulin like
growth factor binding protein

Cirrhosis Primary HCC

INF receptor 1 ) Telomerase activity |
Oxidative stress | X : '

inhibition of RXRa.
hosphorylation
=
2

A4

Regulation of Cell | Induction of
Proliferation | Apoptosis

( HCC chemoprevention’]

2 THEBRRVF /A FOFENAMFIREE |
B L F /4 F (Acyclic retinoid) t&, RXRa DV HF ¥ F& LTERL, RARS, p1 i3 U & ¥ 24 2EKN

BIETORBREHAGTHELHIC, RXRa D) VEH LB 2B L #0BELEET L2 LT, FSAMIBOEE I

5 5.

AP-1: activator protein-1, INF: interferon, pAkt, phosphorylated Akt, pERK, phosphorylated extracellular signal-regulated kinase,
pSTAT3, phosphorylated signal transducer and activator of transcription-3, RAR f, retinoic acid receptor ff ; RARE, retinoic
acid receptor responsive element; RTK, receptor tyrosine kinase; RXR «, retinoid X receptor- & ; RXRE, retinoid X response
element
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23 5HEEDIC, Rass/MAPRK/ERK IZ X o THE SN
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LF A RH, BRIk bk x R FEEREL,
EREEREFATIFILZLE, SBOFFAS

2

BT/ A FICX 5B O #H]

311

FRALF /A FrHw, BEANACED M
%ﬁA%%%ﬁA%%”%T%H%ﬁEELﬁ%m
PREMSH, BUEFEEBEOTRIUEINLIL
THRFEINS.

X ™

1) El-Serag HB, Rudolph KL (2007) Hepatocellular carcinoma: epi-
demiology and molecular carcinogenesis. Gastroenterology 132,
2557-2576

2) Muto Y, Sato S, Watanabe A, Moriwaki H, Suzuki K, Kato A,
Kato M, Nakamura T, Higuchi K, Nishiguchi S, Kumada H,
Ohashi Y (2006) Overweight and obesity increase the risk for liv-
er cancer in patients with liver cirrhosis and long-term oral sup-
plementation with branched-chain amino acid granules inhibits
liver carcinogenesis in heavier patients with liver cirrhosis. Hepa-
tol Res 35,204-214

3) Iwasa J, Shimizu M, Shiraki M, Shirakami Y, Sakai H, Terakura Y,
Takai K, Tsurumi H, Tanaka T, Moriwaki H (2010) Dietary sup-
plementation with branched-chain amino acids suppresses dieth-
ylnitrosamine-induced liver tumorigenesis in obese and diabetic
C57BL/KsJ-db/db mice. Cancer Sci 101, 460-467

4) Matsushima-Nishiwaki R, Okuno M, Adachi S, Sano T, Akita K,
Moriwaki H, Friedman SL, Kojima S (2001) Phosphorylation of
retinoid X receptor alpha at serine 260 impairs its metabolism and
function in human hepatocellular carcinoma. Cancer Res 61:7675-
7682

5) Adachi S, Okuno M, Matsushima-Nishiwaki R, Takano Y, Koji-
ma S, Friedman SL, Moriwaki H, Okano Y (2002) Phosphoryla-

BeEZ b L TREAERROHEREZZ O 44,
[ Acyclic Retinoid I [Obesity—l

% Improvement & Inhibition

Activation of the
Ras/MAPK

Insulin
Resistance

Liver
Steatosis

Chronic
lnflammatlon

Development of Liver Tumorigenesis

i

et W

3 IERAVF/ A FIC X 2 IR EF S O ERE |

FERAVF /A Fid, 4 v A ViRFUER BRI,

BERERLEREZ

hETAHE L LT, Ras’MAPK DEHZHEL

RXRa D) YEbz {4+ 52 & T, <7 AOEBEEREERR 2 IH T 5.
FFA.: free fatty acid, IL: interleukin, MAPK: mitogen-activated protein kinase, TG: triglyceride, TNF- & : tumor necrosis factor- &
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Improvement of prognosis and prevention of liver carcinogenesis by branched-chain amino acids in cirrhotic
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FHEZ, 27 = /B(BCAA), LOTUSHER, FEETE LR

FHZREE, PEE, E0E -7 /B EOKE
E2REEHT 2P LNERTH D, BEFEER
DRERGETHMERA T 2 FEE T, LIFL
EEHE - %)X — K% E R 8 (protein-
energy malnutrition : PEM) #88® %, & {IhF
WAEBETIE, MEEHET I BOAL v NT VA
& LT 7 = / B (branched-chain amino
acids : BCAA) BE T T2 Z EBHI ST W
212 BCAA IS4z il % b0 3EED 7 £/
BOSYy, a4y, 4VuL2V)Thh, &
0 BCAA SIFIE 7 )V 7 S IE % f: - 72 FFEE
EEEFICHONS,

2005 EICHE I N SR ER A B RER
(LOTUS #E&) T, BCAA SIFIOMFREEDIEN
BEFEEEEDEES AV 2T, AEE
DFHE QOLRKET 2 2 LS Ik
729, Fie, BERRRA VR VikHES & O
WICEE L 7 X X ENNREIL, BEFERRE
DEBRRTH3HRBEOEELBLRATFTH
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2973, LOTUS 3ER D BRIMEATIC 35\>C, BCAA
SR O REEIERBMI 25 Bl E) 2 &8T5
FEREEFEZEEEOFEELERICNF T2 2
DS s o7 ARETIE, O BCAA B
A OEEPIFHEEBRE DI A&REOEL L T
JEZ PN L 72 LOTUS B OFERICOWTIRR S
&L bic, BCAA IT & % BB EF sz Gl A
BT 2 EEMROBRICOVT, FEEHSOHEE
DR ZEE 2T 5.

o FEEEEORBMES CBCAANE
[CkDFEi=E

FFEEEE TIZ PEM OSEEIE L, ARFE
EREO TN ICEQEEKEIRE, 60%iIcT 21
X —(RAEIREE, S0%ICZDTERED 39, i
7o, FFEEREICERICAHT 2RERBER
LT,%W%%&&%@%-%%nyVMEa
W LiMHEREREENH L. ZORRAL LT, FE
ETIEIFEEMENRA T 57:9, FADHEDE
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BCAA 2B L L TERFH CRENICRH#IN
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BWAODE S TET 5 ([ 1)2,

R, FFEZICEHT 3 0L ) RBICNT
%% BCAA BF 0 F FAMESERMEICB T
B 52042785 CETVw» %, Marchesini 5713, #
T BE IR OBCAA 8K % | £l AR S
% Z & T, lactoalbumin % maltodextrin % &5
TN NBHLHEL, FESRORERDET
EQOLDHEVRED NI L2HEL T3,

X 51z, bPEICE W TIE LOTUS 3KEx (646 1E
BINSR, ST v 5 AU BERKEER) I B Vv
T, OBCAABFI OB E D IRBUEFEERE
DIMBE7 VT S VIBELZHER - LRI®ZELD
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2 N
< pA T
5 % T
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g o0t Log rank test p=0.015
] Estimated HR : 0.674

0

0 200 400 600 800 1,000

days

X 2 BCAABFIEHBREICEDAI NI -4
#FEd

2, WEZDOETIE->THERT2EEERGT
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F—EDEETHEZE - IHE~NSERT 2 Z L3

HINTEY, FARELEZS ) ZTHEHEHITARE
FHETH 2Y, CRFRIANARZNEEORK
BRI A v AV VIRFIEEF I BRI T
29, BT Z o O REE X C RUBHER
ReBAIE S, EEEES IFEEEHRICBY
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FEIC IR HHEEBEfRDSH B 2 L R RE L T E 1O,
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Iv FRTH LT, RIS L O
oW ENIRD SN L LW, BRI
FEEBEEODRICBWTREERBEZER L NEE
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T, INoDOREPHFREOERRATFTHS I L
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i, BMIEEDBETRIFMEED Y R 27 05
ASTEIC ER T B 3T X A TOBEERET
HEINTWL Y, byEIZBWTS, CEF
REECHENBEEEEEDEESFLY AV
ARG L AR RED ) A7 2FRILED S Z
LOHL o T e YY), HEELRLEET
2, BREEEICLIELIEEHTSA v R ViEH
# (HOMA-IR 23 A B) L &LV 7 F v IfE (5 ng/
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mL Bl 1) 2% Stage 1 & A0S RIAIRERE ORI
BETFHRFELCERATHLZ L2HEL TE
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FE2HIH L A2 TR T 2D DTH B,

& BDDOI

BCAA BIFIIFFEAEBH O RBERE, £aF
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Parameters of Late evening snacks start in patients with liver cirrhosis
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%AC, YAMCUHNEBOARBEELLTAVSSLEAL5N

MW #EER (LES)

W HiEnEst

MR (RQ)

N LREHEE (AC)

W tE&E (AMC)

M tumor necrosis factor-a (TNF-a)

I
H B

JFREZE T EE - 43V F — AR
#E (protein energy malnutrition ; P EM)
PEHBEICHAL, PHRPLQOLIEYE
ERITT V. HHEERFICBITISPEM
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L BEEEBERET VT VECE
DEREREMET A L. 0%DEHHFT
FOVF —RIFINE, T0%DBEIEN
fRsIRET, ZOWMELZETAHPEM
F50% & ImEINTVD Y,

HEEBECBWTHERERHILY
IANF—HEORBLREL D &, B
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Ty - AFAFI Y ANFS =N E
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—7, RQOET LI BENDRER
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LecT-Hepa, a Glyco-Marker Derived from Multiple
Lectins, as a Predictor of Liver Fibrosis in
Chronic Hepatitis C Patients

Kiyoaki Ito," Atsushi Kuno,” Yuzuru Ikehara,” Masaya Sugiyama,' Hiroaki Saito,' Yoshihiko Aoki,"
Teppei Matsui,' Masatoshi Imamura,' Masaaki Korenaga,! Kazumoto Murata,' Naohiko Masaki,"

Yasuhito Tanaka,® Shuhei Hige, Namiki Izumi,” Masayuki Kurosaki,” Shuhei Nishiguchi,®
Michiie Sakamoto,” Masayoshi Kage,® Hisashi Narimatsu,” and Masashi Mizokami'

Assessment of liver fibrosis in patients with chronic hepatitis C (CHC) is critical for pre-
dicting disease progression and determining future antiviral therapy. LecT-Hepa, a new
glyco-marker derived from fibrosis-related glyco-alteration of serum alpha 1-acid glyco-
protein, was used to differentiate cirrhosis from chronic hepatitis in a single-center study.
Herein, we aimed to validate this new glyco-marker for estimating liver fibrosis in a multi-
center study. Overall, 183 CHC patients were recruited from 5 liver centers. The parame-
ters Aspergillus oryzae lectin (AOL) / Dature stramonium lectin (DSA) and Maackia
amurensis lectin (MAL)/DSA were measured using a bedside clinical chemistry analyzer in
order to calculate LecT-Hepa levels. The data were compared with those of seven other
noninvasive biochemical markers and tests (hyaluronic acid, tissue inhibitor of metallo-
proteases-1, platelet count, aspartate aminotransferase-to-platelet ratio index [APRI],
Forns index, Fib-4 index, and Zeng’s score) for assessing liver fibrosis using the receiver-
operating characteristic curve. LecT-Hepa correlated well with the fibrosis stage as deter-
mined by liver biopsy. The area under the curve (AUC), sensitivity, and specificity of LecT-
Hepa were 0.802, 59.6%, and 89.9%, respectively, for significant fibrosis; 0.882, 83.3%,
and 80.0%, respectively, for severe fibrosis; and 0.929, 84.6%, and 88.5%, respectively, for
cirrhosis. AUC scores of LecT-Hepa at each fibrosis stage were greater than those of the
seven aforementioned noninvasive tests and markers. Conclusion: The efficacy of LecT-
Hepa, a glyco-marker developed using glycoproteomics, for estimating liver fibrosis was
demonstrated in a multicenter study. LecT-Hepa given by a combination of the two glyco-
parameters is a reliable method for determining the fibrosis stage and is a potential substi-
tute for liver biopsy. (HeratorLoGY 2012;56:1448-1456)

ccurate staging of hepatic fibrosis in patients
with chronic hepatitis C (CHC) is most im-
portant for predicting disease progression and
determining the need for initiating antiviral therapy,
such as interferon (IFN) therapy."”* Liver biopsy has
been considered the gold standard for fibrosis staging

for many years.” However, liver biopsy is invasive and
painful,®® with rare but potentially life-threatening
complications.® In addition, this method may suffer
from sampling errors since only 1/50,000 of the organ
is examined.” Furthermore, inter- and intraobserver
discrepancies reaching levels of 10% to 20% have been

Abbreviations: 02-MG, a2-macroglobuling AFE alpha-fetoprotein; AGR alpha-1 acid glycoprotein; ALT, alanine aminotransferase; AOL, Aspergillus oryzae
lectin; CHGC, chronic hepatitis C; DSA, Datura stramonium lectin; GGT, gamma-glutamyltransferase; HA, hyaluronic acid; HCC, hepatocellular carcinoma;
HCV, hepatitis C virus; IFN, interferon; MAL, Maackia amurensis lectin; TIMPI, tissue inbibitors of metalloproteinases 1.
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reported using this method, leading to misdiagnosis of
cirrhosis.® Therefore, finding a noninvasive method for
diagnosing liver fibrosis is an emerging issue in the
care of patients with CHC.

Several methods have been studied for the noninva-
sive diagnosis of hepatic fibrosis or cirrhosis, including
clinical’ or blood markers,'”'" and signal analysis
(ultrasonography, magnetic resonance imaging, and
elastography).'>'? Although each method can play a
substantial role in the diagnosis of cirrhosis, it is evi-
dent that the best way of monitoring hepatitis progres-
sion employs an accurate serological method for the
quantitative evaluation of fibrosis. We developed a new
glyco-marker using multiple lectins that performed
well in estimating liver fibrosis in a single-center
study. 1

Recent progress in glycoproteomics has had a great
influence on work toward ideal, disease-specific bio-
markers for a number of conditions. Glycoproteins
that exhibit disease-associated glyco-alteration and are
present in serum or other fluids have the potendal to
act as biomarkers for the diagnosis of a target dis-
ease,"® because the features of glycosylation depend on
the extent of cell differentiation and the stage of the
cell. Detecting hepatic disease-associated glyco-markers
for clinical applications has been a continuous chal-
lenge since the early 1990s, because increased fucosyla-
tion on complex-type N-glycans has been frequently
detected in glycoproteins from patients with hepatocel-
lular carcinoma (HCC) and cirrhosis.’”*® Of all the
alpha-fetoprotein (AFP) glycoforms, more than 30%
have been found to react to a fucose-binding lectin,
Lens culinaris agglutinin. This fraction, designated
AFP-L3, was approved by the U.S. Food and Drug
Administration (FDA) in 2005 for the diagnosis and
prognosis of HCC."” We have found that two fibrosis-
indicator lectins (Aspergillus oryzae lectin [AOL] and
Maackia amurensis lectin [MAL]) together with an in-
ternal, standard lectin (Datura stramonium lectin
[DSA]) on an alpha 1-acid glycoprotein (AGP) could,
using lectin microarray, clearly distinguish between cir-
rhosis and chronic hepatitis patients."* We have further
simplified this quantitative method so that it could be
performed  using  bedside, clinical  chemistry
analyzers."

ITO ET AL. 1449

The aim of the current study was to evaluate this
new glyco-marker (LecT-Hepa) using multiple lectins
and bedside clinical chemistry analyzers for use in the
assessment of liver fibrosis. In this multicenter study
we compared the method’s efficiency in estimating
liver fibrosis with other noninvasive fibrosis markers
and tests.

Materials and Methods

Study Population. This study included 183 consec-
utive adult patients with CHC who had undergone
percutaneous liver biopsy at one of the following insti-
tutions: Hokkaido University Hospital, Musashino
Red Cross Hospital, National Center for Global
Health and Medicine, Hyogo College of Medicine
Hospital, or Nagoya City University Hospital in Japan.
A diagnosis of CHC was defined as detectable serum
anti-hepatitis C virus (HCV) antibody and HCV-
RNA, found using polymerase chain reaction assays, of
at least 2 points. Exclusion criteria were coinfection
with hepatitis B virus or human immunodeficiency vi-
rus (HIV), and other disorders that commonly cause
liver diseases. Informed consent was obtained from
each patient who participated in the study. This study
was conducted in accordance with the provisions of
the Declaration of Helsinki and was approved by our
Institutional Review Board.

Histological Staging. Ulwasonography-guided liver
biopsy was performed according to a standardized pro-
tocol. Specimens were fixed, paraffin-embedded, and
stained with hematoxylin-eosin and Masson’s tri-
chrome. A minimum of six portal tracts in the speci-
men were required for diagnosis. All liver biopsy sam-
ples were independently evaluated by two senior
pathologists who were blinded to the clinical data.
Liver fibrosis stages were assessed using METAVIR fi-
brosis (F) staging.”® Significant fibrosis was defined as
METAVIR F >2, severe fibrosis as METAVIR F >3,
and cirthosis as METAVIR F4. Two patients were
excluded from the study because of inadequate histo-
logical samples.

Clinical and Biological Data. The age and sex of
the patients were recorded. Serum samples were col-
lected immediately before or no more than 2 months

Address reprint requests to: Masashi Mizokami, M.D., Ph.D., Research Center for Hepatitis and Immunology, National Center for Global Health and
Medicine, 1-7-1, Konodai, Ichikawa 272-8516, Japan. E-mail: mmizokami@hospk.ncgm.go.jp; fax: +81-(0)47-375-4766.
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after liver biopsy and were stored at —80°C until anal-
ysis. The concentrations of the following variables
were obtained by analyzing the serum samples: aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), gamma-glutamyltransferase (GGT), total biliru-
bin, albumin, cholinesterase, total cholesterol, platelet
count (platelets), prothrombin time, haptoglobin, hyal-
uronic acid (HA), a2-macroglobulin (02-MG), tissue
inhibitors of metalloproteinases 1 (TIMP1). The
aspartate  aminotransferase-to-platelet  ratio  index
(APRI), Fib-4 index, Forns index, and Zeng’s score
were calculated according to published formulae
appropriate to each measure.>” 1>

Rapid Lectin-Antibody Sandwich Immunoassay
Using HISCL. Fibrosis-specific  glyco-alteration of
AGP was qualified from simultaneous measurements
of the lectin-antibody sandwich immunoassays using
three lectins (DSA, MAL, and AOL). In principle, the
glycan part of the AGP was captured by the lectin im-
mobilized on the magnetic beads, and the captured
AGP was then quantified by an antthuman AGP
mouse monoclonal antibody probe that was cross-
linked to an alkaline phosphatase (ALP-2AGP). The
assay manipulation was fully automated using a chemi-
luminescence enzyme immunoassay machine (HISCL-
2000i; Sysmex, Kobe, Japan). We used the following
criterion formula, named the “LecT-Hepa Test,” to
enhance the diagnostic accuracy by combining two
glyco-parameters (AOL/DSA  and MAL/DSA) as
described before: F = Log;o[AOL/DSA]*8.6-[MAL/
DSA]."

Statistical Analyses. Quantitative variables were
expressed as the mean * standard deviation (SD)
unless otherwise specified. Categorical variables were
compared using a chi-squared test or Fisher’s exact
test, as appropriate, and continuous variables were
compared using the Mann-Whitney U test. P < 0.05
was considered statistically significant. A muldivariate
forward stepwise logistic regression analysis was per-
formed to determine the independent predictors of the
absence or presence of significant fibrosis, severe fibro-
sis, and cirrthosis, respectively. Pearson’s correlation
coefficient was used as necessary. To assess the classifi-
cation efficiencies of various markers for detecting sig-
nificant fibrosis, severe fibrosis, and cirrhosis,?> and to
determine area under the curve (AUC) values, re-
ceiver-operating characteristic (ROC) curve analysis
was also carried out. Diagnostic accuracy was expressed
as the diagnostic specificity (specificity), diagnostic sen-
sitivity (sensitivity), positive predictive values (PPV),
negative predictive values (NPV), positive likelihood
ratio (LR [+]), negative likelihood ratio (LR [—]), and

HEPATOLOGY, October 2012

Table 1. Baseline Characteristics of the 183 Patients with
Chronic Hepatitis C at the Time of Liver Biopsy

Features Total (n = 183)
Age (years) 57.6 + 114
Male sex 75 (41.0)
AST (lu/L) 57.4 *+ 439
ALT (IU/L) 62.8 + 56.8
GGT (u/L) 51.1 * 62.6
Bilirubin (mg/dL) 0.7 04
Albumin (g/L) 4104
Cholinesterase (IU/L) 2835 £ 97.0
Cholesterol (mg/dL) 1741 = 355
Platelets (10%/L) 163 = 57
Prothrombin time (%) 87.2 = 33.4
2-MG (g/L) 356.8 + 133.1
HA (ug/L) 205.3 + 428.0
TIMP1 (pg/mi) 210.6 £ 87.7
AOL/DSA 6.3 + 12.3
MAL/DSA 9.0 £ 3.1
Fibrosis stage (%):
FO-1 89 (48.6)
F2 46 (25.1)
F3 22 (12.0)
F4 26 (14.2)

AUC (95% confidence interval [95% CI]). We per-
formed statistical analyses using STATA v. 11.0 (Stata-
Corp, College Station, TX).

Results

Baseline Characteristics of the 183 Patients with
Chronic Hepatitis C at the Time of Liver Biopsy. Patient
characteristics at the time of liver biopsy are shown
in Table 1. The mean age of the 183 patients was
57.6 = 11.4 years, and 75 (41%) of them were men.
FO-F1 was diagnosed in 89 cases (48.6%), F2 in
46 (25.1%), F3 in 22 (12.0%), and F4 (cirrhosis) in
26 (14.2%).

Comparison of Variables Associated with the
Presence of Significant Fibrosis by Univariate and
Multivariate Analysis. Variables associated with the
presence of significant fibrosis were assessed by univari-
ate and multivariate analysis (Table 2). The variables
of age (P = 0.001), AST (P < 0.0001), ALT (P <
0.0001), GGT (P < 0.0001), bilirubin (P = 0.014),
02-MG (P = 0.002), HA (P < 0.0001), TIMP1 (P <
0.0001), and AOL/DSA (P < 0.0001) were signifi-
cantly higher in the significant fibrosis group than in
the not significant fibrosis group. The variables albu-
min (P < 0.001), cholinesterase (P < 0.0001), choles-
terol (P = 0.005), platelets (P < 0.0001), prothrom-
bin time (£ = 0.0001), and MAL/DSA (P < 0.0001)
were significantly lower in the significant fibrosis group
than in the not significant fibrosis group. Multivariate
analysis showed that platelets (odds ratio [OR]: 0.87,
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Table 2. Variables Associated with the Presence of Significant Fibrosis (F2-4) and Severe Fibrosis (F3-4) by
Univariate and Multivariate Analysis

0dds Ratio 0dds Ratio
No Significant Significant P Value (95% C) No Severe Severe Fibrosis (95% CI)
Features Fibrosis (n = 89)  Fibrosis (n = 94)  (Univariate)  (Multivariate)  Fibrosis (n = 135) (n = 48) P Value (Multivariate)
Age (vears) 54.7 £ 11.8 60.5 = 10.4 0.001 55.8 = 11.9 629 = 7.8 0.001 1.15
(1.02-1.31)
Male sex (%) 30 (33.7) 45 (47.9) 0.051 52 (38.5) 23 (47.9) 0.255
AST (1U/L) 45.7 = 416 68.3 = 43.5 <0.0001 49.7 = 40.1 79.1 x 474 <0.0001
ALT (1U/L) 51.0 + 56.6 74.0 = 54.9 <0.0001 55.9 + 54.9 825 = 579 <0.0001
GGT (U/L) 40.6 = 61.7 62.1 = 63.1 <0.0001 455 + 67.1 65.8 £ 46.7 <0.0001
Bilirubin (mg/dL) 0.6 * 0.3 0.7+ 04 0.014 0.6 0.3 0.8 =04 0.005
Albumin (g/L) 42 + 03 4.0 = 0.5 <0.001 42 + 0.3 38 £ 05 <(.0001
Cholinesterase (IU/L)  329.2 = 76.0 247.2 + 96.9 <0.0001 3124 = 844 217 =919 <0.0001
Cholesterol (mg/dL) 181.0 = 315 167.5 = 36.2 0.005 178.1 = 34.1 162.4 = 33.5 0.016
Platelets (109/L) 186 = 53 142 = 52 <0.0001 0.87 180 = 52 119 *+ 46 <0.0001 0.74
(0.77-0.99) (0.58-0.94)
Prothrombin time (%) 94.7 £ 334 80.1 = 32.1 0.0001 89.5 * 36.2 80.8 + 23.2 <0.001
o2-MG (g/L) 326 = 117.7 389.2 = 1411 0.002 331.1 = 1225 4239 *+ 1375  <0.0001
HA (ng/L) 85.6 + 154.3  318.7 * 556.1 <0.0001 1.01 115.4 = 201.1 458.2 = 711.0  <0.0001
(1.01-1.02)
TIMP1 (pg/ml) 183.5 + 53.3 238.6 = 106.1 <0.0001 189.7 = 64.5 263.9 = 113.8  <0.0001
AOL/DSA 1412 109 = 159 <0.0001 1.51 20286 18.3 = 19.3 <0.0001
(1.07-2.15) .
MAL/DSA 106 = 1.7 75 * 34 <0.0001 10.2 £ 2.0 56 = 3.4 <0.0001 0.52
(0.37-0.76)

95% CI: 0.77-0.99), HA (OR: 1.01, 95% CI: 1.01-
1.02), and AOL/DSA (OR: 1.51, 95% CI: 1.07-2.15)
were independently associated with the presence of sig-
nificant fibrosis.

Comparison of Variables Associated with the Pres-
ence of Severe Fibrosis by Univariate and Multivari-
ate Analysis. Variables associated with the presence of
severe fibrosis were assessed by univariate and muldi-
variate analysis (Table 2). The variables of age (P =
0.001), AST (P < 0.0001), ALT (2 < 0.0001), GGT
(P < 0.0001), bilirubin (P = 0.005), a2-MG (P <

0.0001), HA (? < 0.0001), TIMP1 (P < 0.0001),
and AOL/DSA (P < 0.0001) were significantly higher
in the severe fibrosis group than in the no severe fibro-
sis group. The variables albumin (P < 0.0001), cho-
linesterase (P < 0.0001), cholesterol (P = 0.016), pla-
telets (P < 0.0001), prothrombin time (P < 0.001),
and MAL/DSA (P < 0.0001) were significantly lower
in the severe fibrosis group than in the no severe fibro-
sis group. Multivariate analysis showed that age (OR:
1.15, 95% CI: 1.02-1.31), platelets (OR: 0.74, 95%
CI: 0.58-0.94), and MAL/DSA (OR: 0.52, 95% CIL

Table 3. Variables Associated with the Presence of Cirrhosis (F4) by Univariate and Multivariate Analysis

Features No Cirrhosis (n=157) Cirrhosis (n = 26) P Value 0dds Ratio (95% Cl) (Multivariate)

Age (years) 56.6 = 11.7 63.8 £ 7.3 0.0016

Male sex (%) 60 (38.2) 15 (57.7) 0.061

AST (1U/L) 54.6 + 41.7 749 *= 53.7 0.016

ALT (fU/L) 62.1 + 58.1 67.2 = 48.2 0.446

GGT (1U/L) 48.5 *+ 63.9 64.9 + 53.8 0.0031

Bilirubin (mg/dL) 0.6 £0.3 1.0 £ 05 <0.0001

Albumin (g/L) 42 + 04 3.6 £ 05 <0.0001

Cholinesterase (IU/L) 305.3 * 83.9 181.7 £ 90.1 <0.0001

Cholesterol (mg/dL) 178.4 %= 33.3 146.9 + 29.8 <0.0001

Platelets (109/L) 172 = 54 106 = 36 <0.0001 0.76
(0.58-0.99)

Prothrombin time (%) 88.7 = 355 79.2 = 16.1 0.0004

o2-MG (g/L) 346.2 = 131.6 4169 * 127.8 0.019

HA (ng/L) 137.1 = 215.7 617.4 = 915.1 <0.0001

TIMP1 (pg/ml) 196.4 + 70.4 287.3 = 126.6 <0.0001

AOL/DSA 34 %71 24.0 = 20.4 <0.0001

MAL/DSA 9.8 + 24 42 +28 <0.0001 0.67
(0.49-0.90)
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0.37-0.76) were independently associated with the
presence of severe fibrosis.

Comparison of Variables Associated with the Pres-
ence of Cirrhosis by Univariate and Multivariate
Analysis. Variables associated with the presence of cir-
rhosis were assessed by univariate and multivariate anal-
ysis (Table 3). Age (P = 0.0016), AST (¥ = 0.016),
GGT (P = 0.0031), bilirubin (P < 0.0001), 02-MG (P
= 0.019), HA (P < 0.0001), TIMP1 (» < 0.0001),
and AOL/DSA (P < 0.0001) were significantly higher
in the cirrhosis group than in the no cirrhosis group. Al-
bumin (P < 0.0001), cholinesterase (? < 0.0001), cho-
lesterol (P < 0.0001), platelets (P < 0.0001), pro-
thrombin time (P = 0.0004), and MAL/DSA (P <
0.0001) were significantly lower in the cirrhosis group
than in the no cirrhosis group. Multivariate analysis
showed that platelets (OR: 0.76, 95% CI: 0.58-0.99)
and MAL/DSA (OR: 0.67, 95% CI: 0.49-0.90) were
independently associated with the presence of cirrhosis.

Evaluation of the Two Glyco-Parameters AOL/
DSA and MAL/DSA for Estimating the Progression
of Liver Fibrosis. To assess the correlation of the two
obtained glyco-parameters with the progression of fi-
brosis, we analyzed the data of triple lectins from
HISCL measurements on the 183 CHC patients. The
boxplots of AOL/DSA and MAL/DSA in relation to
the fibrosis staging are shown in Fig. 1A,B, respec-
tively. The AOL/DSA values gradually increased with
the progression of fibrosis and Pearson’s correlation ef-
ficient was R = 0.61. On the other hand, the MAL/
DSA values gradually decreased with the progression
of fibrosis and Pearson’s correlation efficient was R =
—0.69. Both parameters fitted the quantification of the
progression of fibrosis from F2 to F4.

LecT-Hepa, Combined with Two Glyco-Parame-
ters, Was Evaluated in the Diagnosis of Significant
Fibrosis, Severe Fibrosis, and Cirrhosis. LecT-Hepa
was calculated using two glyco-parameters (AOL/DSA
and MAL/DSA). The boxplots of LecT-Hepa in rela-
tion to the fibrosis staging are shown in Fig. 2. The
LecT-Hepa values gradually increased with the progres-
sion of fibrosis. Pearson’s correlation coefficient
between LecT-Hepa and liver fibrosis was very high (R
= 0.72), and was superior to those for AOL/DSA (R
= 0.61) and MAL/DSA (R = —0.69). We next exam-
ined AUC to characterize the diagnostic accuracy of
LecT-Hepa at each stage of fibrosis, i.e., significant fi-
brosis (F2/F3/F4), severe fibrosis (F3/F4), and cirrhosis
(F4). For the prediction of significant fibrosis, AUC
(95% CI), sensitivity, specificity, PPV, NPV, LR (+),
and LR (—) of the test were 0.802 (0.738-0.865),
59.6%, 89.9%, 85.7%, 66.7%, 5.89, and 0.45,
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Fig. 1. Boxplot of (A) AOL/DSA, (B) MAL/DSA, and (C) LecT-Hepa
in relation to the fibrosis score. The box represents the interquartile
range. The whiskers indicate the highest and lowest values, and the
dots represent outliers. The line across the box indicates the median
value. Cormelation of AOL/DSA, MAL/DSA, and LecT-Hepa was meas-
ured by HISCL with the progression of liver fibrosis. R: Pearson’s corre-
lation coefficient.
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Fig. 2. ROC curves of LecT-Hepa to distinguish between significant fibrosis and no significant fibrosis in patients with chronic hepatitis C (A);
severe fibrosis and no severe fibrosis (B); cirrhosis and no cirthosis (C). AUC: area under the receiver operating characteristic curve; PPV: positive
predictive values; NPV: negative predictive values; LR (4): positive likelihood ratio; LR (—): negative likelihood ratio.

respectively (Fig. 3A). For the prediction of severe fi-
brosis, AUC (95% CI), sensitivity, specificity, PPV,
NPV, LR (+), and LR (—) were 0.882, 83.3%,
80.0%, 59.7%, 93.1%, 4.17, and 0.21, respectively
(Fig. 3B). For the prediction of cirrhosis, AUC (95%
CI), sensitivity, specificity, PPV, NPV, LR (+), and LR
(=) were 0.929 (0.896-0.976), 84.6%, 88.5%, 58.8%,
97.2%, 7.38, and 0.17, respectively (Fig. 3C).
Comparison of AUC, Sensitivity, Specificity, PPV,
and NPV for Predicting the Diagnosis of Significant
Fibrosis, Severe Fibrosis, and Cirrbosis. ROC curves
of LecT-Hepa, HA, TIMPI, platelets, APRI, Forns
index, Fib-4 index, and Zeng’s score for predicting sig-
nificant fibrosis, severe fibrosis, and cirrhosis were plot-
ted, as shown in Fig. 3A-C. The AUC of LecT-Hepa
for predicting significant fibrosis (0.802) was superior
to HA (0.756), TIMP1 (0.697), platelets (0.729),
APRI (0.777), Fib-4 index (0.747), Forns index
(0.783), and Zengs score (0.791). For predicting
severe fibrosis, AUC of LecT-Hepa (0.882) was supe-
rior to HA (0.839), TIMP1 (0.753), platelet count
(0.821), APRI (0.840), Fib-4 index (0.811), Forns
index (0.861), and Zeng’s score (0.863). For predicting
cirrhosis, AUC of LecT-Hepa (0.929) was superior to
HA (0.866), TIMP1 (0.783), platelets (0.851), APRI
(0.787), Fib-4 index (0.856), Forns index (0.887), and
Zeng’s score (0.853). Sensitivity, specificity, PPV, and
NPV by eight noninvasive tests and markers are shown
in Table 4. In general, indicators of LecT-Hepa were
superior to other noninvasive tests and markers. Speci-
ficity and PPV used to distinguish significant fibrosis
in LecT-Hepa were superior to those in other tests and

markers, although sensitivity and NPV by LecT-Hepa
(59.6% and 66.7%, respectively) to distinguish signifi-
cant fibrosis were inferior to those in other tests and
markers. When distinguishing severe fibrosis, the cate-
gories of sensitivity (83.3%), specificity (80.0%), PPV
(59.7%), and NPV (93.1%) for LecT-Hepa were supe-
rior to those in other tests and markers, except for
specificity (82.2%) and PPV (61.0%) in HA. When
distinguishing cirrhosis, the categories of sensitivity
(84.6%), specificity (88.5%), PPV (58.8%), and NPV
(97.2%) in LecT-Hepa were superior to those in other
tests and markers, except for sensitivity by HA
(88.5%), Forns index (84.6%), and Zeng’s score
(92.3%) and NPV by Zeng’s score (98.3%).

Discussion

Our results showed that the LecT-Hepa test, calcu-
lated by combining two glyco-parameters (AOL/DSA
and MAL/DSA), had higher sensitivity and specificity
for diagnosing severe fibrosis and cirrhosis compared
to other noninvasive tests and markers for these condi-
tons. The new glyco-marker we have developed is
based on the glyco-alteration on the AGP, which is
mainly synthesized in the liver. AGP has been consid-
ered one of the best candidates for glyco-markers in
liver fibrosis or HCC. This is because it is a well-char-
acterized glycoprotein with five highly branched, com-
plex-type N-glycans, whose alteration (e.g., desialyla-
tion, increased branching, and increased fucosylation)
occurs during the progression of liver fibrosis and car-
cinogenesis.”* It has already been reported that an
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Fig. 3. Comparison of ROC curves in the performance of LecT-Hepa, HA, TIMP1, Pit, APRI, Fib-4 Index, Forns index, Zeng's score for the diag-
nosis of significant fibrosis (A), severe fibrosis (B), and cirrhosis (C). ROC: receiver operating characteristic curve; TIMP1: tissue inhibitors of met-
alloproteinases 1; Pit: platelet count; HA: hyaluronic acid.

increased degree of fucosylation was detected in cirrho- we detected many other aspects of glyco-alteration of
sis patients using a fucose-binding lectin (AAL)-anti- AGP using a multiplex sandwich immunoassay with a
body sandwich ELISA and an automated analyzer.®* 43-lectin microarray,®® resulting in the selection of
The detection of asialo-AGP using lactosamine-recog- three lectins—MAL, AOL, and DSA—to serve, collec-
nition lectin RCA120 has also been reported as an al-  tively, as a fibrosis indicator and a signal normalizer."
ternative method for finding cirthosis.”> Meanwhile, Since two glyco-parameters (AOL/DSA and MAL/
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