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Table 5 Synchronous metastasis in the liver of patients with pTy~
pT4 carcinomas and localization type of GnT-V in the specimens

Total Synchronous metastasis in No

the liver metastasis
pT>-pTy 130 14 116
carcinomas
Negative 41 2 39
Positive 8 12 77
Granular 46 4 42
Diffuse 43§ 35

? P < 0.05, significantly different from negative staining group

positive staining group was significantly lower than that of
patients in the negative staining group (P = 0.028). In
addition, the survival rate of patients in the granular-type
localization group and that of patients in the diffuse-type
localization group tended to be lower, but not statistically
significant, than that of patients in the negative staining
group (Fig. 2b). A summary of the results of the multivariate
regression analysis of prognostic factors for pT, gallbladder
carcinoma is shown in Table 6. In the analysis, GnT-V was
found to be a statistically significant independent risk factor
compared with other clinicopathological factors.

Biological effects of GnT-V on gallbladder carcinoma
cells in in vitro and in vivo tumor models

Cultured gallbladder carcinoma cells (e.g., Mz-ChA-1,
TGBC-1-TKB, TGBC-2-TKB, and TGBC-44-TKB (TG44)

Negative (n = 30)
a 100

88%

s P=0.028
Q
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E Positive (n = 46) 66%
E 50
7]
(]
=
=
K]
=
£
=5
(&
0 1 i L L] 1

1]
0 10 20 30 40 50 60
Months after surgery

Fig. 2 a Relationships between postsurgical survival outcome and
GnT-V expression status at the deepest invading sites in the surgical
specimens of pT, gallbladder carcinoma as shown by Kaplan-Meier
survival curves. The 76 curative resection cases of pT, gallbladder
carcinoma were divided into 2 groups based on the GnT-V expression
status (P = 0.028, log-rank test). b Relationship between postsurgical

b 100

cells) express high levels of GnT-V (data not shown). To
investigate the biological effects of GnT-V on gallbladder
carcinoma cells, a siRNA of GnT-V for suppressing GnT-V
expression was introduced into TG44 cells using a retro-
virus vector. As shown in Fig. 3a, variable suppression
levels of GnT-V were observed in each of the established
clones. Based on the protein level analysis, GnT-V activi-
ties, and lectin blot of PHA-L, 3 clones were selected for the
in vitro and in vivo experiments. TG44-siR-H represented
the highest values, whereas TG44-siR-L represented the
lowest values. TG44-s5iR-M represented the intermediate
values (Fig. 3a).

In vitro cell growth was fastest for the TG44-siR-H with
higher GnT-V expression, the level of which is comparable
to that of the original cells (Fig. 3a). On the other hand,
in vitro cell growth was slow for the TG44-siR-L. with
lower GnT-V expression. The TG44-siR-M represented the
intermediate growth speed. Similar to the in vitro growth,
the TG44-siR-H represented rapid growth in the subcuta-
neous xenografted tumor model but TG44-siR-L repre-
sented slow growth (Fig. 3b). Histopathology, the
subcutaneous tumor of TG44-siR-H yielded a high density
of microvessels recognized by CD31 compared with those
of TG44-siR-L and TG44-siR-M (Fig. 3b).

To mimic the clinical aggressiveness of gallbladder
carcinoma cells with GnT-V expression, a persplenic
hepatometastatic tumor model was developed using TG44-
siR-H, TG44-siR-L, and TG44-siR-M cells. Seven days
after persplenic injection of the cells, establishment of
hepatometastasis was confirmed using the IVIS imaging

Negative (n = 30)

88%
Granular-type (n = 27)
68%

N N o

Diffuse-type (n = 19) 65%

50 1

0 Ll l 1 L) L) L

0 10 20 30 40 50 60
Months after surgery

survival outcome and GnT-V localization-types. Cases showing
positive staining were further divided into 2 groups based on the GnT-
V localization types, that is, granular- and diffuse-type localization
groups. However, there were no significant differences among the 3
groups
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Table 6 Multivariate analysis of prognotic factors

Variable Hazard ratio C.L. P value
GnT-V 4.82 1.1-21.2 0.038
N 0.82 0.2-8.4 0.780
Histological 2.53 0.7-9.1 0.155
Ly 1.62 0.3-7.9 0.548
Vy 0.45 0.1-1.7 0.244
Pn 0.98 0.2-4.2 0.982

system (Fig. 3¢). Tumor volume in the intraperitoneal
cavity was assessed using this imaging system which
visualizes viable tumor cells as photon intensity (Fig. 3¢).
Regarding the time-course of change shown in Fig. 3c, the
average photon intensity (total flux) was significantly
increased in the mice bearing either TG44-siR-H or TG44-
siR-M compared with that in the mice bearing TG44-siR-L.
Correlating with the observed tumor aggressiveness, the
survival period of the TG44-siR-H group (median survival
period, 34 days) was significantly shorter than that of the
TG44-siR-M group (median survival period, 60 days) and
that of the TG44-siR-L group (all mice were alive at the
end point of the observation period) (Fig. 3c).

Discussion

The major findings of this study are that the GnT-V protein
levels were increased in the tissue specimens of gallbladder
carcinoma compared with the GnT-V protein levels in the
tissue specimens of normal gallbladder and that alteration
in the subcellular localization of GnT-V is closely associ-
ated with the biological aspects of gallbladder carcinoma
(e.g., aggressiveness to form distant organ metastasis).

The prognosis of pT, gallbladder carcinoma is not
necessarily favorable despite a theoretical advantage for
the carcinoma not invading the perimuscular connective
tissues and not extending beyond the serosa or into the
liver. This may be because approximately half of the
patients had malignant infiltration into the lymphatic,
venous, and perineural spaces, and the frequency of lymph
node metastasis was 50 % [7, 33]. In this study, the diffuse-
type localization of GnT-V at the deepest invading sites
correlated with neither histological grade nor parameters of
clinicopathological malignancies in the 76 curative resec-
tion cases of pT, gallbladder carcinoma. Because of the
poor association of the expression level with the clinico-
pathological findings of pT, gallbladder carcinoma, the
expression levels of GnT-V at the deepest invading sites
may be considered to be an independent prognostic marker
for pT, gallbladder carcinoma, as shown on the multivar-
iate regression analysis (Table 6).

@ Springer

The regulatory basis for the diffuse-type localization on
GnT-V immunohistochemistry of has not yet been well
elucidated. The proportion of the diffuse-type localization
was increased in parallel to the clinical stages of the dis-
ease (Table 1). Carcinoma cells at advanced stages are
phenotypically different from their counterparts at early
stages in their expression of mucin glycoproteins [34] and
N-Acetylgalactosaminyltransferases (GalNAc-T family
enzymes) [26]. Moreover, in relation to the presence of
cytoplasmic or stromal localization of MUCI mucin on
immunohistochemistry, which was reported in the cases of
pT, gallbladder carcinoma with high metastatic potential
[9, 35], it has been hypothesized that mucin proteolysis
takes place in vivo [36, 37]. A previous study has provided
in vitro evidence that MUCI mucin is cleaved by a
metalloprotease(s) [38]. Metastatic gallbladder carcinoma
cells may include cells with high levels of this kind of
protease(s) mediating the GnT-V proteolysis. Taken toge-
ther, these phenotypic changes affect the biological k
behavior of carcinoma cells with an increased metastatic
potential.

It is also possible that alterations in the subcellular
localization of GnT-V may be simply associated with the
status of tumor differentiation and caused by loss of
functional differentiation of the carcinoma cells, that is, the
failure to establish or maintain the polar expression of
normal epithelial localization of this enzyme. The diffuse-
type localization of GnT-V in gallbladder carcinoma
indicates a reorganization of the Golgi apparatus elements
in the carcinoma cells as reported previously [39]. There-
fore, the processing and targeting pathway of GnT-V may
be defective in the cells. However, in cases of pT, gall-
bladder carcinoma, there was no strong correlation between
histological grade (tumor differentiation), that is, papillary,
tubular, or poorly differentiated adenocarcinoma, and the
expression level of GnT-V at the deepest invading sites
(Table 3), indicating that diffuse-type localization cannot
be explained solely by differences in the histological grade
of pT, carcinoma. Nevertheless, the expression level of
GnT-V on immunohistochemistry may be a useful bio-
logical tool to scale the functional differentiation of pT,
gallbladder carcinoma cells.

Malignant transformation of glandular epithelia is
accompanied by alterations in the biochemical and bio-
logical characteristics of glycoproteins. In this study, the
mechanism underlying the positive correlation between
metastasis and GnT-V expression in pT, gallbladder car-
cinoma can be speculated on by the branching of aspara-
gine-linked oligosaccharides, which is shown to regulate
the metastatic potential of carcinoma cells [40]. The f1-6
branching structure, a product of GnT-V, is a good sub-
strate for the attachment of poly-N-acetyllactosamine,
whose synthesis is controlled by the complemental branch
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specificity of i-extension enzyme and 1-4 galactosyltrans-
ferase I [41]. This structure is preferentially fucosylated to
form sialyl Lewis X, a ligand for selectin in vascular
endothelial cells. The level of poly N-acetyllactosamine is
increased in highly metastatic colon carcinoma cells [42]
and that of sialyl Lewis X expression is correlated with
poor survival in human colon cancer patients [43, 44].
From these points, GnT-V may induce tumor metastasis
through the formation of sialyl Lewis X on the tumor cell
surface.

However, in several types of cancers, GnT-V expression
correlated inversely with the patient survival outcome [20,
21]. It has been postulated that involvement of GnT-V in
tumor biology depends on whether its original organ tissues
consist of B1-6 branching of N-linked oligosaccharides
[20]. When cancers originate from tissues expressing no
expression of B1-6 branching oligosaccharides, the induc-
tion of GnT-V expression is associated with malignant
potential of the cancer cells [18]. On the other hand, when
cancers originate from tissues expressing P1-6 branching
oligosaccharides, the presence of GnT-V expression is an
indicator of good prognosis [20]. Therefore, it should be
stressed that the biological significance of GnT-V among
cancers is uneven depending on the expression status of
GnT-V and P1-6 branching oligosaccharides in original
organ tissues. In this study, since normal gallbladder epi-
thelia show no or only trace expression of GnT-V (Table 1),
it is likely that the induction of GnT-V expression in gall-
bladder carcinoma is associated with the observed malig-
nant behaviors of the cancer cells (Tables 4, 5).

Moreover, GnT-V functions as an angiogenesis inducer
that has a completely different function from the original
function of glycosyltransferase [17]. A secreted type of
GnT-V protein itself promotes angiogenesis in vitro and
in vivo [30, 45]. These findings provide novel information
on the interrelationship among GnT-V, tumor growth and
metastasis. In this study, supporting the angiogenesis
function of GnT-V, the microvessel density was signifi-
cantly higher in the tissue specimens of pT, gallbladder
carcinoma showing positive staining than in those showing
negative staining (Fig. 1c). In the subcutaneous tumor
models, tumor growth was significantly more rapid for the
cells with higher GnT-V expression than for those with
lower GnT-V expression. Similar to the clinical specimens,
the density was significantly increased in the tumors con-
sisting of cells with higher GnT-V expression than in those
consisting of cells with lower GnT-V expression (Fig. 3b).
Angiogenesis is the first regulatory step of tumor pro-
gression. As shown in the hepatometastatic tumor models
(Fig. 3c), the progression of metastatic tumor cells in the
liver was significantly more rapid in cells with higher GnT-
V expression than in those with lower GnT-V expression.
Based on the above-mentioned results, the malignant

Fig. 3 Biological effects of GnT-V on gallbladder carcinoma cells in p»
in vitro and in vivo tumor models. A Construction of GnT-V
knockdown gallbladder carcinoma cells by siRNA, as described in the
“Materials and Methods” section. Three clones (i.e., TG44-siR-H,
TG44-siR-M, and TG44-siR-L, were selected based on the immuno-
blot analysis of GnT-V (a), and subjected to in vitro assays, namely,
GnT-V enzyme activity measurement (b), the lectin blotting (c), and
tumor cell growth assay (d). B Subcutaneous tumors were seeded in
immunodeficient mice using TG44-siR-H, TG44-siR-M, and TG44-
siR-L (a), as described in the “Materials and Methods” section. Each
group consisted of 5 animals. Tumor size was measured every other
4 days (b), and tumor volume (mm?>) was calculated as 0.5x longest
diameter x width?. Tumor volumes are presented as mean =+ SE of 5
mice for each group. Significant differences between the groups are
indicated by *P < 0.05 and **P < 0.01. CD31 immunostaining in
tumor tissue sections (a) and quantification of microvessel density (c).
Bars 100 pm. Columns and bars represent means and SE of the
microvessel densities in each group, respectively. Quantification of
data of microvessel density in the subcutaneous tumor sections was
performed. A tumor tissue section was prepared from each of the 5
mice in the TG44-siR-H-, TG44-siR-M-, and TG44-siR-L-implanted
groups. Five photographs were taken for each tissue section and then
analyzed. Microvessels showing CD31 immunoreactivity were
counted. Microvessel density for each of the 5 photographs of the
tissue section was averaged, and the averaged densities of the above 3
groups (5 mice in each group) were compared. Significant differences
between the groups are indicated by *P < 0.05 and **P < 0.01. C A
persplenic hepatometastatic tumor model was developed in immuno-
deficient mice using TG44-siR-H, TG44-siR-L, and TG44-siR-M, all
of which express luciferase, as described in the “Materials and
Methods” section. Each group consisted of 5 mice. Sequential in vivo
whole-body imaging of tumor progression was monitored over time
using the IVIS imaging system (a). Panels depict 3 representative
mice from each group. Time-course changes in the quantification of
tumor bioluminescence were determined. Points, mean area of
bioluminescence for live intact mice in each group (n = 5); Bars
SE. Significant differences between groups are indicated by
**P < 0.01 (b). The survival outcome of each group of mice with
hepatometastatic tumors was assessed using Kaplan—Meier survival
curves (c). The survival period of the TG44-siR-H group (median
survival period, 34 days) was significantly shorter than that of the
TG44-siR-M group (median survival period, 60 days) and that of
the TG44-siR-L group (all mice were alive at the end point of the
observation period). The differences were statistically significant
according to the log-rank test (*P < 0.05 and **P < 0.01) (¢)

phenotype can, therefore, be blocked by a GnT-V inhibitor.
Swainsonine, a potent GnT-V inhibitor, reduces tumor
metastasis and tumor solid growth in mice [46, 47].

In summary, the expression of GnT-V at the protein
level is up-regulated in gallbladder carcinoma tissues and
the immunohistochemical expression level of GnT-V in the
subserosal layer of pT, gallbladder carcinoma is correlated
with aggressiveness of the disease, such as the tendency to
form distant recurrences, and with postsurgical survival.
Moreover, in the in vitro and in vivo experiments using the
gallbladder carcinoma cells, the expression levels of GnT-
V in the cells were positively correlated with malignant
behaviors, such as rapid cell growth, potent angiogenic
capability, and potent metastatic potential. Taken together,
the expression levels of GnT-V may serve as a unique
biological feature associated with the malignant behavior
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Fig. 3 continued

of gallbladder carcinoma and may be useful in identifying
patients in need of closer follow-up and more aggressive
treatment.
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Abstract

Background & Aims: Fetuin-A (02HS-glycoprotein), a liver secretory glyco-
protein, is known as a transforming growth factor (TGF)-B1 signalling inhib-
itor. Serum fetuin-A concentration is associated with nonalcoholic fatty liver
disease (NAFLD) and cardiovascular disease. However, the usefulness of
serum fetuin-A as a predictive fibrosis biomarker in NAFLD patients remains
unclear. In this study, we investigated the relationship between circulating
fetuin-A levels and fibrosis-related markers [platelet count, NAFLD fibrosis
score and carotid intima media thickness (IMT)] in subjects with NA-
FLD. Methods: A total of 295 subjects (male, 164; female, 131) who received
medical health check-ups were enrolled in this study. NAFLD was diagnosed
using abdominal ultrasonography. Serum fetuin-A was measured by ELISA.
IMT was assessed using a high-resolution ultrasound scanner. Using recom-
binant human fetuin-A, we investigated the effects of fetuin-A on hepatic
stellate cells, which play a pivotal role in the process of hepatic fibro-
sis. Results: Serum fetuin-A concentration was significantly correlated with
platelet count (R = 0.19, P <0.01), NAFLD fibrosis score (R = —0.25,
P <0.01) and mean IMT (R = —0.22, P < 0.01). Multivariate analyses
revealed that the fetuin-A concentration is a significant and independent
determinant of platelet count, NAFLD fibrosis score and mean IMT. Recom-
binant fetuin-A suppressed TGE-P1 signalling and fibrosis-related gene
expression and increased the expression of TGF-Bl pseudoreceptor bone
morphogenic  protein and  activin  membrane-bound  inhibitor
(BAMBI). Conclusions: Serum fetuin-A level is associated with liver/vessel
fibrosis-related markers in NAFLD patients. Circulating fetuin-A could be a
useful serum biomarker for predicting liver and vascular fibrosis progression
in NAFLD patients.

Nonalcoholic fatty liver disease (NAFLD) is among the
most common causes of chronic liver disease in the
world and is a growing medical problem in industrialized
countries (1). A wide spectrum of hepatic histological
changes has been observed in NAFLD, ranging from

*These authors contributed equally to this study.

Liver International (2014)
© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

simple steatosis, which is generally nonprogressive, to
nonalcoholic steatohepatitis (NASH). A proportion of
patients with NASH develop cirrhosis and hepatocellu-
lar carcinoma (2). About 30% of the general population
has NAFLD and up to 5% of this population has NASH
(3-5). To evaluate liver disease progression in NAFLD
patients, liver biopsy remains the gold standard for diag-
nosing NASH and grading the severity of liver damage
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(6, 7). However, invasive liver biopsy is not suitable as a
large-scale diagnostic test, and this, in turn, restricts
therapeutic interventions (8).

NAFLD is a hepatic manifestation of the metabolic
syndrome (Mets) and appears to be an almost indis-
pensable prerequisite for Mets development, including
development of type 2 diabetes mellitus (DM) and car-
diovascular disease (CVD) (9-11). A recent systematic
review indicated that NAFLD patients are prone to
CVD, independent of Mets (12). In addition, many
studies have demonstrated that the presence of NAFLD
is an independent risk factor for progression of athero-
sclerotic disease (13—15). Atherosclerotic disease report-
edly plays an important role in the natural course of
NAFLD (16). Therefore, there is an urgent need to
develop and validate a reproducible and noninvasive
test that can accurately grade the severity of liver and
vascular disease progression in NAFLD patients.

Recent investigations demonstrated that circulating
secreted factors, such as adiponectin, leptin, tumour
necrosis factor-oo (‘INF-o) and fetuin-A significantly
affect pathophysiological progression in NAFLD (17—
19). Fetuin-A (o2HS-glycoprotein) is a liver glycopro-
tein secreted into the circulation at high concentrations
(20). Fetuin-A is an endogenous inhibitor of insulin
receptor tyrosine kinase in the liver and skeletal muscle
(21). In mice, a lack of fetuin-A enhances glucose clear-
ance and insulin sensitivity (22). Moreover, Pal et al.
recently reported that fetuin-A acts as an endogenous
ligand for toll-like receptor 4 (TLR4) and enhances both
insulin resistance and inflammation (23). These findings
suggest that fetuin-A may worsen the course of NAFLD
by increasing insulin resistance.

Transforming growth factor-f1 (TGF-f1) is a major
pro-fibrogenic growth factor, and enhanced TGF-f1
signalling promotes fibrotic changes in many organs
and tissues, including the liver and arteries (24, 25). Fet-
uin-A is also known to inhibit TGF-P1 signalling (26,
27). The disulphide-looped sequence in the N-terminal
cystatin domain of fetuin-A shares homology with the
extracellular domain of TGF-f receptor type I (TBRII),
and this disulphide-looped peptide from fetuin-A binds
to TGF-B1 (26). Indeed, fetuin-A knockout mice exhibit
worsened organ fibrosis through enhanced TGF-f1 sig-
nalling (28, 29). Therefore, the anti-TGF-f1 signalling
effects of fetuin-A could prevent organ fibrotic changes,
including changes in the liver and vasculature. Thus, fet-
uin-A seems to promote (e.g. promote insulin resis-
tance) and inhibit (e.g. attenuate organ fibrotic
changes) NAFLD progression. However, the significance
of serum fetuin-A in liver fibrosis and atherogenic
changes in NAFLD subjects remains unknown.

The aim of this study was to elucidate the role of fet-
uin-A in the progression of liver and vascular fibrosis.
To address this issue, we investigated the relationship
between the serum fetuin-A level and serum fibrosis
markers (platelet count, NAFLD fibrosis score) in NA-
FLD subjects. We also evaluated the relationship
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between the serum fetuin-A level and intima media
thickness (IMT) and investigated the effects of fetuin-A
on hepatic stellate cells (HSCs), which play a pivotal role
in the progression of hepatic fibrosis.

Methods
Study subjects

Among 343 Japanese adult subjects (205 males, 138
females) who underwent a health check-up at aMs New
Otani Clinic (Osaka, Japan) from 2008 to 2009, 295
subjects (164 males, 131 females) were initially recruited
into this study. Exclusion criteria included a history of
hepatic disease, such as chronic hepatitis C or concur-
rent active hepatitis B (seropositive for hepatitis B sur-
face antigen), autoimmune hepatitis, primary biliary
cirrhosis, sclerosing cholangitis, haemochromatosis,
ol-antitrypsin deficiency, Wilson’s disease, or hepatic
injury caused by substance abuse, as well as a current or
past history of consumption of >20 g of alcohol daily.
The diagnosis of fatty liver was based on the results of
abdominal ultrasound performed by trained techni-
cians, after exclusion of competing aetiologies of steato-
genic liver disease. Fatty liver was defined as liver
parenchyma with echogenicity higher than the kidney
cortex, the presence of vascular blurring and deep atten-
uation of the ultrasound signal (30, 31). Of the 295 sub-
jects recruited into this study, 275 (151 males, 124
females) were diagnosed with fatty liver by abdominal
ultrasound, whereas 20 subjects (13 males, seven
females) were diagnosed as not having fatty liver. Serum
samples were collected from the subjects at the time of
the health check-up and kept frozen at —80°C until
used.

The protocol and informed consent were approved
by the institutional review board of the Osaka Univer-
sity Graduate School of Medicine. Written informed
consent was obtained from all subjects at the time of
health check-up, and this study was conducted in accor-
dance with the Helsinki Declaration.

Anthropometric and laboratory evaluation

Anthropometric variables (height and weight) were
measured using a calibrated scale after requesting the
patients to remove their shoes and any heavy clothing.
Body mass index (BMI) was calculated as welght (kg)
divided by the square of height in metres (m?). Systolic
blood pressure (sBP) values were measured in the sitting
position to the nearest mm Hg. Venous blood samples
were obtained in the morning after overnight fasting for
12 h. Laboratory evaluations for all patients included
determination of platelet counts, haemoglobin (Hb),
and measurement of serum levels of aspartate amino-
transferase (AST), alanine aminotransferase (ALT),
y-glutamyl transpeptidase (GGT), total bilirubin
(T-Bil), choline esterase (CHE), creatinine, albumin,
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total cholesterol (T-Chol), triglyceride (TG), HDL-cho-
lesterol (HDL-C), fasting blood glucose (FBG), iron and
uric acid. All parameters were measured using standard
techniques. Impaired fasting glucose (IFG) was defined
as a FBG of 110-125 mg/dl. The presence of DM was
defined as FBG =126 mg/dl, HbAlc (NGSP) >6.5% or
treatment with antidiabetic drugs. The NAFLD fibrosis
score was calculated for each of the subjects as previ-
ously reported [1.675 + 0.037 X age (years) + 0.094
x BMI (kg/m?) + 1.13 x IEG/DM (yes = 1, no = 0) +
0.99 x AST/ALT — 0.013 x platelet count (x109/L)
0.66 x albumin (g/dD)] (32).

IMT measurements

A B-mode examination of the carotid artery was per-
formed using an ultrasound scanner (SSA-660A, Xario;
Toshiba Medical Systems Corporation, Tochigi, Japan).
The maximum carotid IMT (max IMT) and mean IMT
of the common carotid artery were measured on both
the right and left sides in the areas of the common caro-
tid artery, bulbus and internal carotid artery (but not
the external carotid artery) in the supine position with a
7.5-MHz transducer. The mean IMT was the average
thickness of the max IMT at two adjacent points (33).

Enzyme-linked immunosorbent assay (ELISA) for fetuin-
A, fucosylated haptoglobin and adiponectin

Fetuin-A levels were determined using a competitive
ELISA system, which was established using polyclonal
antihuman fetuin antibodies as described previously
(34). Briefly, a human fetuin polyclonal antibody was
coated as the solid phase (96-well plate), and diluted
serum samples were then added to the ELISA plate.

Fucosylated haptoglobin (Fuc-Hpt) levels were mea-
sured using our lectin antibody ELISA developed as
described previously (35). Briefly, the Fab fragment of
antihuman haptoglobin IgG (Dako, Carpinteria, CA)
was coated onto the bottom of the wells of a 96-well
ELISA plate because IgG has a fucosylated oligosaccha-
ride in its Fc portion. Diluted serum samples were then
added to the ELISA plate. To detect Fuc-Hpt, biotinylat-
ed Aleuria aurantia lectin at a 1/1000 dilution was
placed into each well. Adiponectin was measured using
a sandwich ELISA system according to the manufac-
turer’s protocol (Otsuka Pharmaceutical Co., Tokushima,
Japan) (36). Each assay was performed in duplicate
using diluted serum samples.

In vitro assay

The human HSC line LX-2 was kindly donated by Scott
Friedman (Mount Sinai School of Medicine) (37). Cells
were maintained at 37°C under 5% CO, in Dulbecco’s
modified Eagle’s medium (DMEM) contalmn% 10%
foetal bovine serum (FBS). LX-2 cells (1.5 x 10’/well)
were seeded in 24-well plates, rested for 24 h, then
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incubated in serum-free DMEM for 48 h. Cells were
stimulated with fetuin-A (15 uM) (Sigma-Aldrich, St-
Louis, MO, USA), TGF-B1 (5 ng/ml) (PeproTech EC
Ltd., Rocky Hill, CT) or TGF-P1 (5 ng/ml) + fetuin-A
(15 uM) dissolved in serum-free DMEM. After 6 h of
stimulation, total RNA was extracted from the cells with
QIAshredder and an RNeasy Mini Kit according to the
manufacturer’s instructions (Qiagen, Hilden, Germany)
and then transcribed into complementary DNA using a
ReverTra Ace qPCR RT Kit (Toyobo, Osaka, Japan).
Quantitative real-time reverse transcription polymerase
chain reaction (RT-PCR) was performed using the
THUNDERBIRD SYBR ¢gPCR Mix (Toyobo, Osaka,
Japan) with specific primers on a LightCycler according
to the manufacturer’s instructions (Roche Diagnostics,
Indianapolis, IN, USA). The primers used were TGE-$1
(QT00000728), collagen Ial (QT00037793), bone
morphogenic protein and activin membrane-bound
inhibitor (BAMBI; QT00091329) and glyceraldehyde
3-phosphate dehydrogenase (GAPDH; QT01192646)
(Qiagen). mRNA expression levels were normalized to
GAPDH mRNA expression and expressed in arbitrary
units.

Immunoblot analysis was performed to investigate
the phosphorylatlon of Smad3 (p-Smad3) in LX-2 cells.
LX-2 cells (5 x 10°/well) were seeded in 6-well plates,
rested for 24 h, then incubated in serum-free DMEM
for 24 h. Cells were stimulated with TGF-B1 (5 ng/ml)
with or without fetuin-A (15 pM) for 30 min. Immu-
noblotting was performed as described previously using
rabbit anti-p-Smad3 antibody, anti-Smad3 antibody
(Cell Signaling Technology, Beverly, MA, USA) or rab-
bit anti-GAPDH antibody (Trevigen, Gaithersburg,
MD, USA) (38).

Statistical analysis

Statistical analyses were conducted using JMP Pro 10.0
software (SAS Institute Inc., Cary, NC, USA). Continu-
ous variables were expressed as the mean % standard
deviation (SD). Qualitative data were represented as
numbers, with percentages indicated in parentheses.
Kruskal-Wallis and Wilcoxon tests were used to assess
any significant differences in continuous clinical or sero-
logical characteristics between groups. Chi-square tests
were used for categorical factors. As TG, HDL-C, AST,
ALT, GGT and FBG did not show a Gaussian distribu-
tion, these parameters were common log transformed
before analysis. Spearman’s correlation coefficient was
used to estimate the association between serum fetuin-A
and several factors of interest. The prediction perfor-
mance of the serum fetuin-A level for increased mean
IMT (=1 mm) was assessed by analyzing receiver oper-
ating characteristic (ROC) curves. The probabilities of
true positive (sensitivity) and true negative (specificity)
assessments, the positive predictive value (PPV) and the
negative predictive value (NPV) were determined for
selected cut-off values, and the area under the receiver
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operating characteristic curve (AUROC) was calculated
for each index. The Youden index was used to identify
the optimal cut-off value. Univariate and/or multivari-
ate logistic regression analyses were conducted to iden-
tify parameters that significantly contribute to platelet
count, NAFLD fibrosis score or mean IMT. Differences
were considered statistically significant at P < 0.05.

Results
Characteristics of the subjects

The clinical and biochemical characteristics of individu-
als who participated in this study are shown in Table 1.
On average, there was no difference in gender between
subjects with and without fatty liver. Age was lower and
BMI was higher in fatty liver subjects compared with
subjects without fatty liver. Serum levels of T-Bil, CHE,
TG, FBG, albumin and Hb were also higher in fatty liver
subjects. In contrast, ALT, AST/ALT ratio, HDL-C and
adiponectin were lower in fatty liver subjects. The max

Table 1. Clinical and serological characteristics of the subjects
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and mean IMT were somewhat lower in fatty liver sub-
jects. This finding conflicted with previous reports indi-
cating that IMT values are higher in NAFLD patients
than in normal subjects (39). Age is an independent
determinant of the IMT value (40, 41); therefore, the
lower IMT in fatty liver patients in this study could be
related to their lower age compared with subjects with-
out fatty liver. There were no differences in platelet
count or NAFLD fibrosis score between subjects with
fatty liver and those without. These data indicate that
the fatty liver subjects in our study did not have pro-
gressive vascular and liver fibrosis.

The serum Fuc-Hpt level was measured as a noninva-
sive biomarker for NASH diagnosis (42). Although there
was no significant difference in Fuc-Hpt between the
two groups, the mean Fuc-Hpt value was higher in sub-
jects without fatty liver, indicating that our control sub-
jects (those without fatty liver) were not completely
healthy individuals. Serum fetuin-A levels were higher
in fatty liver subjects than in those without fatty liver,
but the difference was not significant.

Factor All subjects (n = 295) Without fatty liver (n = 20) With fatty liver (n = 275) P* value
Age (y) 56.7 + 7.0 61.0 + 7.0 56.4 - 6.9 <0.01
Gender (M/F) 164/131 1377 151124 0.38
BMI (kg/m?) 26.2 £ 3.7 222 + 2.6 26.5 4+ 3.6 <0.01
sBP level (mmHg) 120.7 £ 15.2 117.3 & 155 121.0 = 15.2 0.34
AST (U/L) 33.3 + 23.1 35.3 4 26.5 33.2 £ 22.8 0.63
ALT (UL) 46.2 -+ 36.1 52.1 4 99.2 458 4+ 26.6 <0.01
AST/ALT ratio 0.82 £ 0.31 1.08 & 0.50 0.80 + 0.28 <0.01
GGT (UL) 69.3 & 101.1 114.7 4 189.1 66.0 -+ 91.2 0.66
T-Bil (mg/dl) 0.76 £ 0.30 0.63 + 0.17 0.77 + 0.31 <0.05
CHE (JU/L) 390.8 + 69.0 347.9 + 87.7 394.0 + 66.4 <0.01
T-Chol (mg/dl) 212.5 £ 35.3 207.1 £ 432 212.9 + 34.7 0.35
TG (mg/dl) 153.6 + 97.3 114.1 4+ 87.5 156.5 + 97.4 <0.01
HDL-C (mg/dl) 54.3 4+ 11.1 63.4 4+ 17.0 53.6 + 10.3 <0.01
Creatinine (mg/dl) 0.78 £ 0.19 0.84 4+ 0.30 0.77 + 0.18 0.34
FBG (mg/dl) 121.9 + 33.5 107.5 £+ 16.2 123.0 + 34.2 <0.05
HbA1c (NGSP) (%) 6.78 + 1.29 6.2 + 0.7 6.8+ 1.3 0.10
Albumin (g/dl) 4.4 +£0.2 42 +0.2 44 + 0.2 <0.05
Iron (ug/dl) 112.3 + 38.0 99.2 4+ 40.1 1134 4+ 37.8 0.066
Uric acid (mg/dl) 58+13 55411 59+ 13 0.16
Hb (g/dl) 143 £ 1.2 13.6 £ 1.1 143 +1.2 <0.01
Platelet count (x 10%/L) 224.1 + 54.0 212.0 £ 48.7 225.0 + 54.3 0.29
NAFLD fibrosis score -1.37 £ 1.10 -1.21 + 1.01 -1.38 + 1.10 0.58
Max IMT (mm) 0.93 + 0.32 1.31 £ 053 0.91 4+ 0.29 <0.01
Mean IMT (mm) 0.85 + 0.24 1.14 + 0.41 0.83 £+ 0.22 <0.01
Adiponectin (ug/ml) 5.11 4+ 2.81 812 +2.77 4.89 + 2.69 <0.01
Fuc-Hpt (U/ml) 636.0 &+ 1065.1 847.4 + 927.3 620.2 + 1074.7 0.22
Fetuin-A (ng/ml) 194.9 + 32.3 182.9 + 23.6 195.8 + 32.7 0.074

Data are presented as the mean =+ SD.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CHE, choline esterase; FBG, fasting blood glucose; Fuc-Hpt,
fucosylated haptoglobin; GGT, gamma glutamyltranspeptidase; Hb, haemoglobin; IMT, intima media thickness; NAFLD, nonalcoholic fatty liver dis-
ease; sBP, systolic blood pressure; T-Bil, total bilirubin; T-Chol, total cholesterol; TG, triglyceride.

*P values correspond to the comparison between without and with fatty liver groups. Wilcoxon test for continuous factors and Pearson’s Chi-square

test for categorical factors were used.
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Relationship between serum fetuin-A, anthropometric
parameters and laboratory tests

The results of analyses of Pearson’s correlations between
serum fetuin-A level and other parameters are summa-
rized in Table 2 and Fig. 1. Serum fetuin-A level was
negatively and significantly correlated with age, NAFLD
fibrosis score, max IMT and mean IMT. In addition, the
serum fetuin-A level was positively and significantly cor-
related with AST, ALT, GGT and platelet count. The
positive correlation between fetuin-A and liver enzymes
(AST, ALT and GGT) indicates that fetuin-A promotes
liver inflammation. The negative correlation between
fetuin-A and NAFLD fibrosis score and the positive cor-
relation between fetuin-A and platelet count indicates
that fetuin-A inhibits liver fibrosis. Moreover, the nega-
tive correlation between fetuin-A and IMT values indi-
cates that fetuin-A contributes negatively to vascular
fibrosis in NAFLD patients.

Relationship between platelet count, anthropometric
parameters and laboratory tests

Because advanced liver fibrosis causes portal hyperten-
sion and spleen enlargement, thrombocytopaenia has
long been known to be accompanied by a degree of liver
fibrosis (43-46). We investigated the relationship
between platelet count, anthropometric parameters and
laboratory tests in NAFLD subjects (Table 3). Univari-

Table 2. Correlation coefficients of relationships between serum
fetuin-A levels and various parameters

Factor R Pvalue
Age (y) -0.21 <0.01
BMI (kg/m?) 0.17 <0.01
SBP level (mmHg) 0.10 0.084
AST (U/L) 0.23 <0.01
ALT (U/L) 0.27 <0.01
AST/ALT ratio -0.23 <0.01
GGT (U/L) 0.19 <0.01
T-Bil (mgrdl) 0.031 0.59
CHE (IUL) 0.19 <0.01
T-Chol (mg/dl) 0.067 0.25
TG (mg/dl) 0.12 <0.05
HDL-C (mg/dl) -0.027 0.65
Creatinine (mg/dl) -0.025 0.67
FBG (mg/dl) -0.012 0.84
HbA1c (NGSP) (%) v -0.071 0.22
Albumin (g/dl) 0.20 <0.01
Iron (pg/dl) 0.18 <0.01
Uric acid (mg/dl) 0.095 0.10
Hb (g/dl) 0.14 <0.05
Platelet count (x 10°/L) 0.19 <0.01
NAFLD fibrosis score -0.25 <0.01
Max IMT -0.22 <0.01
Mean IMT —-0.22 <0.01
Adiponectin —-0.11 0.067
Fuc-Hpt 0.058 0.33
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ate analyses revealed that age, AST/ALT ratio, T-Bil, cre-
atinine, iron, Hb and NAFLD fibrosis score had
negative relationships, whereas CHE, T-Chol and fet-
uin-A had positive relationships with the platelet count.
We performed multiple logistic regression analyses to
determine which variables are significant determinants
of the platelet count. Because the platelet count is
included in the NAFLD fibrosis score calculation, we
omitted the NAFLD fibrosis score from the multiple
logistic regression analyses, which demonstrated that
age (P < 0.05), creatinine (P < 0.05), Hb (P < 0.05)
and serum fetuin-A (P < 0.05) levels are significant and
independent determinants of the platelet count. Unfor-
tunately, as no spleen diameter data were acquired in
our subjects, we could not investigate the relationship
between serum fetuin-A and spleen size.

Relationship between NAFLD fibrosis score,
anthropometric parameters and laboratory tests

The NAFLD fibrosis score is widely used in the noninva-
sive scoring system to predict the degree of liver fibrosis
in NAFLD patients (32). We investigated the relation-
ship between the NAFLD fibrosis score, anthropometric
parameters and laboratory tests in NAFLD subjects
(Table 4). In univariate analyses, the NAFLD fibrosis
score had negative relationships with AST, ALT, GGT,
CHE, T-Chol, albumin, platelet count and fetuin-A and
positive relationships with age, BMI, AST/ALT ratio,
FBG, HbAlc (NGSP) and adiponectin. We omitted age,
BMI, AST, ALT, platelet count and albumin from the
multiple logistic regression analyses because these vari-
ables are considered in the calculation of the NAFLD
fibrosis score. The multiple logistic regression analyses
demonstrated that T-Chol (P < 0.01), adiponectin
(P < 0.05) and serum fetuin-A levels (P < 0.01) were
significant and independent determinants of the NAFLD
fibrosis score.

Relationship between mean IMT, anthropometric
parameters and laboratory tests

Next, we analysed the correlation between the serum
fetuin-A level and mean IMT in four groups segmented
by mean IMT value quartile (range of mean IMT; group
1: <0.7 mm, group 2: 0.7-0.8 mm, group 3: 0.8-1.0 and
group 4: >1 mm). Interestingly, the serum fetuin-A level
did not change in the three normal mean IMT groups
(mean IMT <1 mm) (group 1: 202.3 & 35.0, group 2:
201.3 & 31.1 and group 3: 204.0 & 30.5 pg/ml) but
decreased significantly in group 4 (mean IMT >1 mm)
(180.9 £ 30.1 pg/ml) (Fig. 2A). The AUROC, sensitiv-
ity, specificity, PPV and NPV for the prediction of
increased mean IMT (=1 mm) were 0.713%, 66.7%,
74.3%, 46.2%, and 87.1% respectively (Fig. 2B). The
serum fetuin-A cut-off value was 183.0 pg/ml.

In addition, we investigated the relationships
between mean IMT, anthropometric parameters and
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Fig. 1. Relationships between serum fetuin-A level and fibrosis-related factors. Fetuin-A and (A) platelet count, (B) NAFLD fibrosis score, (C)
max IMT and (D) mean IMT. R represents the Spearman’s correlation coefficient value. NAFLD, nonalcoholic fatty liver disease; IMT, intima

media thickness.

Table 3. Univariate and multivariate analysis between platelet count and clinical variables

95% Cl
Factor R Pvalue B Lower Upper Pvalue
Age (y) ~0.18 <0.01 ~1.01 ~1.91 ~0.11 <0.05
BMI (kg/m?) 0.10 0.077
sBP level (mmHg) --0.0047 0.94
AST (U/L) -0.10 0.10
ALT (U/L) 0.0029 0.96
AST/ALT ratio -0.15 <0.05 -18.79 -39.07 1.48 0.069
GGT (UNL) -0.027 0.65
T-Bil (mg/dl) -0.18 <0.01 ~13.95 —-35.56 7.66 0.20
CHE (1U/) 0.25 <0.01 0.085 -0.012 0.18 0.086
T-Chol (mg/dl) 0.24 <0.01 0.16 -0.014 0.33 0.072
TG (mg/dl) -0.085 0.88
HDL-C (mg/d)) 0.081 0.17
Creatinine (mg/dl) —0.24 <0.01 -38.77 -73.39 ~4.15 <0.05
FBG (mg/dl) 0.025 0.67
HbA1c (NGSP) (%) 0.092 0.12
Albumin (g/dl) 0.045 0.46
Iron (pg/d) ~0.13 <0.05 -0.055 -0.23 0.12 0.54
Uric acid (mg/dl) —0.059 0.31
Hb (g/dl) -0.15 <0.05 -7.12 —13.22 -1.02 <0.05
NAFLD fibrosis score ~0.62 <0.01
Adiponectin (ng/ml) 0.0029 0.96
Fuc-Hpt (U/ml) -0.11 0.067
Fetuin-A (ng/ml) 0.19 <0.01 0.20 0.019 0.39 <0.05

laboratory tests using multiple logistic regression
analysis (Table 5). Among the various parameters
examined, only the ALT (P < 0.05), AST/ALT ratio
(P <0.01) and fetuin-A level (P < 0.05) were signifi-
cant and independent determinants of the mean IMT
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value. We also analysed the relationships between max
IMT and other parameters. Multivariate analyses
showed that only the AST/ALT ratio was a significant
determinant of the max IMT value (P < 0.05; data not
shown).

Liver International (2014)
© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



Sato et al.

Fetuin-A and fibrosis markers in NAFLD

Table 4. Univariate and multivariate analysis between NAFLD fibrosis score and clinical variables

95% ClI
Factor R Pvalue B Lower Upper Pvalue
Age (y) 0.43 <0.01
BMI (kg/m?) 0.14 <0.05
sBP level (mmHg) 0.092 0.13
AST (U/L) -0.22 <0.01
ALT (U/L) —0.39 <0.01
AST/ALT ratio 0.45 <0.01
GGT (U/L) -0.29 <0.01 —0.00067 —0.0021 0.00081 0.37
T-Bil (mg/dl) 0.024 0.70
CHE (IU/L) -0.16 <0.01 —0.0013 —0.0033 0.00074 0.21
T-Chol (mg/dl) -0.23 <0.01 —0.0059 —0.0096 —0.0022 <0.01
TG (mg/dl) -0.027 0.66
HDL-C (mg/dl) —0.055 0.076
Creatinine (mg/dl) 0.034 0.58
FBG (mg/dl) 0.41 <0.01
HbATc (NGSP) (%) 0.45 <0.01
Albumin (g/dl) —0.33 <0.01
Iron (ug/dl) —0.031 0.62
Uric acid (mg/dl) —0.066 0.28
Hb (g/dl) —0.055 0.37
Platelet count (x 10%/L) —0.62 <0.01
Adiponectin (ug/ml) 0.18 <0.01 0.058 0.014 0.10 <0.05
Fuc-Hpt (U/ml) 0.11 0.074
Fetuin-A (pg/ml) —0.25 <0.01 -0.0065 -0.011 —0.0025 <0.01
(A) (B)1.0
P<0.01 7
P<0.01 _
P<0.01 > -
_ 3007 . . 2
R G 057
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Fig. 2. Serum fetuin-A level in each group, segmented by mean IMT values. Subjects were divided into four groups by quartile of mean IMT
value (values of mean IMT; group 1: <0.7 mm, group 2: 0.7-0.8 mm, group 3: 0.8-1.0 and group 4: =1 mm). Horizontal grey lines indicate
the mean IMT value in each group. ROC curves for fetuin-A for the prediction of increased mean IMT (=1 mm). AUROC, area under the
receiver operating characteristic curve; Sen, sensitivity; Spe, specificity; PPV, positive predictive value; NPV, negative predictive value.

Effects of fetuin-A and TGF-B1 on human hepatic stellate
cells

HSCs play a central role in the progression of liver fibro-
sis (47), and TGF-B1 is the major growth factor
involved in liver fibrosis (48). We investigated the
effects of human fetuin-A on the HSC line LX-2 with or
without TGF-B1 stimulation. We treated LX-2 cells with
fetuin-A (15 uM), TGF-B1 (5 ng/ml) or TGF-B1 (5 ng/
ml) + fetuin-A (15 pM) and examined fibrosis-related

Liver International (2014)
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gene expression changes by quantitative real-time
RT-PCR (Fig. 3A—C). Treatment of cells with TGE-f§1
significantly increased TGF-B1 and collagen ol expres-
sion. Treatment with a combination of TGF-B1 and fet-
uin-A resulted in significant decreases in TGF-B1 and
collagen Ial levels compared to treatment with TGF-B1
alone. Fetuin-A alone had no significant effect on TGF-
B1 and collagen Il gene expression. Interestingly, fet-
uin-A and TGF-Bl independently upregulated the
expression of the TGF-B pseudoreceptor BAMBI, and
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Table 5. Multiple logistic regression analysis between mean IMT
and clinical variables

95% ClI
Factor B Lower Upper Pvalue
Age (y) 0.0066 ~0,00072 0.014 0.076
BMI (kg/m?) -0.0025 -0.020 0.015 0.78
sBP level 0.0017 -0.0015 0.0050 0.30
(mmHg)
AST (U/L) ~0.010 -0.021 0.00089 0.071
ALT (U/L) 0.0080 0.00082 0.015 <0.05
AST/ALT ratio 0.56 0.16 0.95 <0.01
GGT (UL) ~0.00056  ~0.0014 0.00026 0.18
T-Bil (mgrdi) 0.050 ~0.14 0.24 0.60
CHE (IUL) ~0,00038 -0.0012 0.00047 0.37
T-Chol (mg/dl) -0.00052 —0.0023 0.0012 0.56
TG (mg/dh) —0.00022 -0.00099 0.00055 0.57
HDL-C (mg/dh) ~0.0021 —0.0081 0.0040 0.50
Creatinine (mg/ 0.0024 —-0.35 0.35 0.99
dl)
FBG (mg/dl) —-0.000044 --0.0031 0.0030 0.98
HbA1c (NGSP) 0.0049 ~0.070 0.080 0.90
(%)
Albumin (g/dl) -0.0017 —0.26 0.22 0.89
Iron (ng/dl) —-0.000041 -0.0014 0.0013 0.95
Uric acid (mg/dl) — 0.0041 -0.038 0.047 0.85
Hb (g/dl) 0.0067 —0.045 0.058 0.80
Platelet count -0.00014  --0.0011 0.00077 0.76
(x10%L)
Adiponectin -0.0057 —0.025 0.014 0.57
(ng/ml)
Fuc-Hpt (U/ml) 0.000021 ~0.000028  0.000069 0.40
Fetuin-A ~0.030 —-0.055 -0.0084 <0.05
(ng/ml)

costimulation with fetuin-A and TGF-f1 further upreg-
ulated BAMBI expression in LX-2 cells.

Next, we examined the phosphorylation of Smad3
after TGF-PB1 stimulation with or without fetuin-A
(Fig. 3D). We found that fetuin-A attenuated TGF-f1-
induced phosphorylation of Smad3. These data indicate
that fetuin-A could suppress TGF-P1 signalling.

Discussion

Our present study involving subjects who received med-
ical health check-ups demonstrated that the serum fet-
uin-A level is significantly and negatively correlated
with both liver and vascular fibrosis in NAFLD. Multi-
variate analyses revealed that the serum fetuin-A level is
an independent determinant of platelet count, NAFLD
fibrosis score and mean IMT. In addition, our in vitro
study demonstrated that fetuin-A blocks TGF-B1-
induced fibrogenic signalling. The results of both our
human and in vitro studies were consistent and indicate
that measurement of the serum fetuin-A level is useful
for predicting liver and vascular fibrotic changes in
NAFLD subjects.
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A recent cross-sectional multicenter study reported
that type 2 DM affects the severity of liver fibrosis in
NAFLD patients (49). In addition, the presence of type
2 DM is an independent risk factor for atherosclerotic
diseases (50). In the present study, we demonstrated
that the serum fetuin-A concentration decreases with
the progression of liver and vascular fibrosis in NAFLD
patients (Figs 1 and 2). Decreased serum fetuin-A levels
and insulin resistance in NAFLD patients should syner-
gistically accelerate the progression of both liver and
vascular fibrogenesis.

NAFLD is a rapidly growing worldwide medical
problem because of the ongoing epidemics of obesity
and type 2 DM (51). The prevalence of NAFLD in the
general population ranges from 15% to 39% (4, 52),
and approximately 30% of Japanese adults have NAFLD
(5). Recently, Kahraman et al. reported that the serum
fetuin-A level is significantly higher in NASH patients
than in simple steatosis patients (53). Because fetuin-A
is a pro-inflammatory protein secreted by hepatocytes,
the inflammation in NASH-affected liver would
enhance hepatic fetuin-A production. Interestingly, Bal-
lestri et al. reported that the serum fetuin-A level is sig-
nificantly lower in NAFLD patients with CVD than in
NAFLD patients without CVD (54). In addition, they
found that elevated serum fetuin-A levels are an inde-
pendent negative predictor of CVD. Their findings were
consistent with ours. Both their study and ours indicate
that elevated serum fetuin-A levels in NAFLD patients
prevent liver and vascular fibrosis as a self-defence reac-
tion (Fig. 4).

In this study, we showed that fetuin-A inhibits TGF-
B signalling in LX-2 HSCs, a result which is in agree-
ment with previous reports (27, 55). Interestingly, our
study demonstrated that fetuin-A upregulates BAMBI
expression. BAMBI is a TGF-f pseudoreceptor and part
of a major negative TGF-f signalling feedback mecha-
nism in HSCs (56, 57). To investigate this major nega-
tive feedback pathway in HSCs in the presence and
absence of fetuin-A, we analysed the expression of
BAMBI. However, the mechanism through which fet-
uin-A upregulates BAMBI remains unknown. Further
investigations are needed to elucidate the precise mech-
anism.

Our study has some limitations. Firstly, the diagnosis
of NAFLD was made by ultrasound, and not all subjects
received a liver biopsy. Therefore, we could not investi-
gate the relationship between serum fetuin-A levels and
the degree of liver fibrosis. In addition, we could not
quantitatively estimate liver fat deposition using ultraso-
nography. Because our study subjects were recruited
from health check-ups, liver biopsy was not feasible for
all of the subjects because of ethical concerns. In the
near future, we will investigate this relationship in
biopsy-proven NAFLD patients who were clinically
indicated for liver biopsy. Secondly, we did not measure
serum fasting insulin levels in our subjects and could
not evaluate the precise degree of insulin resistance. We
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Fig. 3. The effects of fetuin-A and TGF-B1 on human LX-2 HSCs. Levels of (A) TGF-B1, (B) collagen la1 and (C) BAMBI gene expression in
LX-2 cells with (+) or without (—) fetuin-A (15 uM) and TGF-B1 (5 ng/ml). Levels of gene expression were normalized to GAPDH gene expres-

sion and expressed in arbitrary units. Data are means =+ SD. *P < 0.

05 (Wilcoxon test). BAMBI, bone morphogenic protein and activin mem-

brane-bound inhibitor. (D) Immunoblot analysis of p-Smad3, Smad3 and GAPDH. LX-2 cells were incubated for 30 min with (+) or without
(-) fetuin-A (15 pM) and TGF-B1 (5 ng/ml). A total of 15 pg of LX-2 whole-cell lysate protein was applied for immunoblotting analysis.

Fig. 4. Putative relationships linking NAFLD, fetuin-A and CVD. We

propose that the level of fetuin-A, which increases with chronic inflam-

matory and fatty changes in the liver, directly suppresses the progression of both liver and vascular fibrosis. CVD, cardiovascular disease.

measured FBG but found no significant relationship
between the serum fetuin-A level and FBG. Thirdly, the
number of subjects with severe IMT in our study was
insufficient to examine the relationship between the
serum fetuin-A level and mean IMT precisely in the sub-
jects with vascular fibrosis. Although there was no sig-

Liver International (2014)
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nificant change in the serum fetuin-A level in subjects
with normal mean IMT (<1 mm), the level decreased
significantly in subjects with abnormal mean IMT
(>1 mm). These results indicate that a decrease in
serum fetuin-A level may be a good predictor of the
onset of early atherosclerosis. Finally, our study did not
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prospectively assess the diagnostic value of fetuin-A in a
validation cohort, but we plan to do so in a future
study.

In conclusion, measurement of the level of fetuin-A
is a noninvasive method, and our results indicate that
fetuin-A might prove to be a useful biomarker for pre-
dicting liver and vascular fibrosis in NAFLD patients
who received health check-ups. Low serum fetuin-A lev-
els are suggestive of enhanced progression of liver and
vascular fibrosis in NAFLD patients.
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Pancreatic Fatty Degeneration and Fibrosis as Predisposing
Factors for the Development of Pancreatic
Ductal Adenocarcinoma
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Objectives: Knowledge of risk factors for development of pancreatic
ductal adenocarcinoma (PDAC) is limited. To clarify the background
condition of the pancreas for the development of PDAC, we analyzed
pancreatic histological changes in noncancerous lesion specimens after
pancreatectomy in PDAC patients.

Methods: Seventy-six patients with PDAC were enrolled in this study.
The PDAC was in the pancreatic head in 37 patients, in the body in 31,
and in the tail in 8. No patients had a history of clinical chronic pan-
creatitis. As controls, 98 patients without PDAC were enrolled. The
following parameters were examined: fibrosis, fatty degeneration, and
inflammatory cell infiltration. More than 5% of fatty degeneration in
the specimen, more than 10% of fibrosis, and more than 5% of in-
flammatory cell infiltration were considered positive changes.
Results: Pancreatectomy specimens showed a higher ratio of positive
change in fibrosis (86% vs 42%), fatty degeneration (72% vs 44%), and
inflammatory cell infiltration (14% vs 3%) than control samples. Mul-
tivariate analyses demonstrated that each histological change was a sig-
nificant, independent determinant for PDAC.

Conclusions: Our study demonstrated that cryptogenic pancreatic in-
flammation with fatty changes represents an important predisposing fac-
tor for PDAC. Screening for subclinical chronic pancreatitis in healthy
populations may enable the detection of PDAC at an early stage.

Key Words: chronic pancreatitis (CP), fatty degeneration, fibrosis,
inflammatory cell infiltration, alcoholic fatty pancreas disease (AFPD),
nonalcoholic fatty pancreas disease (NAFPD)

(Pancreas 2014;00: 00-00)

ancreatic ductal adenocarcinoma (PDAC) is one of the most
fatal cancers, showing a high potential for invasive activity,
early recurrence, and high recurrence rates.'™> Most patients
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with PDAC are diagnosed at an advanced stage, such as stage
TIT or 1V, and the tumors are usually unresectable.! Even in re-
sectable cases, the prognosis of patients with PDAC is very poor
because of local recurrence or distant metastasis within a short
period after the operation.>

Chronic pancreatitis (CP) has been identified as a strong
risk factor for PDAC occurrence.®® It is morphologically de-
fined as progressive pancreatic fibrosis and inflammation that is
accompanied by atrophy of pancreatic exocrine cells.>!? The main
cause of CP is alcohol consumption.'' Repeated acute pancreatitis
induced by alcohol consumption induces CP. Meanwhile, nonal-
coholic fatty pancreas disease (NAFPD) was recently recognized
as a new clinical entity of obesity-related disease.'®'3 In patients
with NAFPD, the level of pancreatic fatty degeneration increases
with the degree of obesity, and obesity is known to increase the
PDAC mortality rate.'* However, whether NAFPD can progress
to CP and PDAC is currently unclear.

Chronic inflammation is thought to induce fibrosis in the
advanced stage. In contrast, fibrosis is commonly observed around
cancerous lesions in surgical specimens of PDAC and is considered
to be induced by cancer cells.'*!® One cause of this fibrosis is that
pancreatic cancer cells activate the pancreatic stellate cells (PSCs)
around them, and this activation leads to fibrosis of the tumor. A
second common cause is that PDAC originates from the pancre-
atic ductal system. The PDAC may obstruct the smaller ductules
and even the main duct. The PSCs distal to the lesion are activated
because of ductal obstruction, resulting in pancreatitis.!>~'® A third
possibility is that PDAC results from chronic inflammation due
to pancreatitis in tissue surrounding the PDAC.

Difficulty in the early detection of PDAC is due to the
lack of subjective symptoms in most patients with PDAC.3-5
Therefore, efforts have been made to identify populations at high
risk for developing PDAC.'*-2% Individuals with a familial his-
tory of PDAC, Peutz-Jeghers syndrome, and germline mutations
in BRCA2, PALB2, pl16, STK11, ATM, PRSSI, and hereditary
colon cancer (Lynch syndrome) genes have been considered to
be groups at high risk for PDAC development.'*~2¢ Moreover,
a recent genome-wide association study revealed that people
with blood group O have a lower susceptibility to PDAC than
people with blood group A or B.27 In acquired factors, smoking,
diabetes, alcohol consumption, central obesity in men, infection
with Helicobacter pylori, and CP are risk factors for PDAC devel-
opment. ! However, little consensus has been reached about
the histological factors that predispose the pancreas to the de-
velopment of PDAC.

In this study, our hypothesis is that PDAC may develop
from subclinical cryptogenic CP. This concept is similar to that
of chronic liver diseases, such as induced hepatocellular car-
cinoma (HCC). In subclinical CP patients, NAFPD and alco-
holic fatty pancreas disease (AFPD) may be major causes of
PDAC. To investigate this hypothesis, noncancerous regions of
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the pancreas that had been surgically resected for PDAC were
histologically examined for chronic changes such as fatty degen-
eration, fibrosis, and infiltration of inflammatory cells. As con-
trols, pancreatic specimens in patients without PDAC obtained at
autopsy were used. The primary outcome of our study was the
presence of PDAC, and the secondary outcome was the histo-
logical changes (fibrosis, fatty degeneration, and inflammatory
cell infiltration).

MATERIALS AND METHODS

Patients With PDAC and Control
Autopsy Samples

Seventy-six patients who underwent surgical resection for
PDAC were selected for the present study. They underwent surgery
at the Osaka Medical Center for Cancer and Cardiovascular Dis-
eases from May 2008 to September 2010. This group included 41
male and 35 female patients with a median age of 66 years (range,
35-88 years). T-classification (Union for International Cancer
Control’s) of our patients was shown in Supplementary Table 1,
http://links.Ilww.com/MPA/A303. The PDAC was located in the
pancreatic head in 37 patients, in the body in 31, and in the tail
in 8. Forty-two patients (55%) received neoadjuvant chemora-
diotherapy (CRT) for PDAC. As controls, pancreas samples were
obtained at autopsy from 98 patients (62 male and 36 female pa-
tients) without PDAC with a median age of 65 years (range, 22-90
years) at the Osaka Medical Center for Cancer and Cardiovascular
Diseases from May 2001 to July 2011.

The chief complaints of the patients with PDAC were ab-
dominal pain/discomfort in 12 patients, diabetes mellitus (DM)
in 9, back pain in 7, weight loss/anorexia in 6, jaundice in 3, and
no symptoms (including during medical checkups and for the
follow-up for other diseases) in 32. Technical procedures for
detecting pancreatic cancer were computed tomography in 38
patients, endoscopic retrograde cholangiopancreatography in
22, ultrasound in 21, increase in tumor markers in 11, magnetic
resonance imaging in 9, cytological examination in 5, and posi-
tron emission tomography in 4.

The histories of the patients with PDAC were as follows:
hypertension in 11, colon polyps in 9, appendicitis in 7, duodenal
ulcers in 5, prostate cancer and hyperplasia in 4, cholelithiasis in
4, hepatitis in 4, angina pectoris in 3, tuberculosis in 2, and gastric
ulcers in 2. Among the 35 female patients, an ovarian cystoma
was found in 3 patients, breast cancer was found in 2, and uterine
myomas was found in 2.

The causes of death of the patients who underwent autopsy
were as follows: lung cancer in 14 patients, hepatoma in 11,
gastric cancer in 8, urinary bladder cancer in 6, malignant lym-
phoma in 6, cervical cancer in 6, liver cirrhosis in 5, sepsis in 5,
ovarian cancer in 5, esophageal cancer in 4, breast cancer in 3,
osteosarcoma in 3, and leukemia in 3.

Laboratory data including the levels of HbAlc, glucose,
amylase, P-amylase, elastase, CA19-9, and DUPAN-2 were also
examined. The presence of DM was defined as fasting blood
glucose of 126 mg/dL or greater, HbAlc (NGSP) of 6.5% or
greater, or treatment with antidiabetic drugs. The Brinkman

FIGURE 1. Pathological evaluation of lymphocyte infiltration. A and B represent grade 0 or 1 (<5% of lymphocyte infiltration), C and D
epresent grade 2 or 3 (6%-15% of [moderate] lymphocyte infiltration), and E and F represent grade 4 (>16% of [severe] lymphocyte
infiltration). A, C, and E show the pancreas region of patients with PDAC, and B, D, and F show the pancreas region of non-PDAC patients.
In patients with PDAC, severe fibrosis was observed with lymphocyte infiltration. Each scale bar in the figure shows 500 pm.
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FIGURE 2. Pathological evaluation of fatty degeneration. A and B represent grade 0 or 1 (<5% of fatty change), C and D represent
grade 2 or 3 (6%-15% of [moderate] fatty change), and E and F represent grade 4 (>16% of [severe] fatty change). A, C, and E show
the pancreas region of patients with PDAC, and B, D, and F show the pancreas region of non-PDAC patients. Each scale bar in the

figure shows 500 pum.

index was calculated as the number of cigarettes smoked per day
multiplied by the number of years that the participant smoked.?

Surgically Resected and Autopsy Specimens of
the Pancreas

Surgically resected specimens were fixed in 10% of for-
malin and cut to 1-cm thickness. All sections were then rou-
tinely processed for paraffin embedding. Histological sections
cut to 2-pm thickness were stained with hematoxylin and eosin
and microscopically examined to determine the extent of PDAC.
A section without cancerous lesions was selected to detect the
presence of fatty degeneration, fibrosis, and inflammatory cell
infiltration. Three authors independently reviewed the extent of
fatty degeneration, fibrosis, and infiltration and categorized each
lesion into 5 grades as developed by us and ranging from 0 to
4 (Fig. 1). Inflammatory cell infiltration was categorized as grade
0 (no inflammatory cells observed), 1 (1%~5% of inflamma-
tory cells), 2 (6%—10%), 3 (11-15%), or 4 (>16%). Grades 0 and
1 were defined as negative for lymphocyte infiltration, grades 2
and 3 were defined as moderate infiltration of lymphocytes,
and grade 4 was defined as severe infiltration of lymphocytes.
As shown in Figure 2, fatty degeneration was categorized as
grade 0 (0%—1% of fatty change in the pancreas), 1 (2%—5%),
2 (6%—-10%), 3 (11%-15%), or 4 (>16%). Grades 0 and 1 were
defined as negative for fatty degeneration, grades 2 and 3 were
defined as moderate fatty degeneration, and grade 4 was defined
as severe fatty degeneration. As shown in Figure 3, fibrosis was
categorized as grade 0 (<5% of fibrotic change in the pancreas),

© 2014 Lippincott Williams & Wilkins

1 (6%—-10%), 2 (11%-20%), 3 (21%-30%), or 4 (>31%). Grades
0 and 1 were defined as negative for fibrosis, grades 2 and 3 were
defined as moderate fibrosis, and grade 4 was defined as severe
fibrosis. For each parameter, grades 0 and 1 were reassessed as
negative, and grades 2 to 4 were reassessed as positive. The Kappa
values for the scores (fatty degeneration, inflammatory cell infil-
tration, and fibrosis) were 0.850, 0.773, and 0.848, respectively.
When the categorization was different among the reviewers, they
discussed the issue until a consensus was reached.

Statistics

Statistical analysis was performed using JMP 10.0 soft-
ware (SAS Institute Inc, Cary, NC). Continuous variables were
expressed as the mean (SD). The x* test and Fisher exact prob-
ability test were performed to analyze the correlation between
parameters. Univariate and/or multivariate logistic regression anal-
yses were conducted to identify parameters that significantly con-
tributed to the primary and secondary outcomes. A P <0.05 was
considered statistically significant.

RESULTS

Comparison of Noncancerous Regions of the
Pancreas in Patients With PDAC With Patients’"
Clinical Parameters

Fifty-five (72%) of the 76 cases showed positive fatty changes,
11 (14%) showed positive inflammatory changes, and 65 (86%)
showed positive fibrotic changes. The correlations between
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