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Myofibroblasts are the main effector cells in the fibrotic
liver. In both experimental and clinical liver fibrosis cases,
myofibroblasts appear and produce ECM at the site of the
hepatic injury. The activation of ordinarily quiescent
hepatic stellate cells (HSCs) into myofibroblasts is con-
sidered a major pathway of hepatic fibrogenesis associated
with liver injury and has thus dominated the focus of
studies on liver fibrosis [5]. The activated HSCs or their
resulting myofibroblasts were the first major cell type in the
liver to be identified as prominent in producing ECM in the
injured liver [6]. Currently, at least three sources of myo-
fibroblasts in liver fibrosis have been proposed. The hepatic
resident mesenchymal cells [7], consisting of the quiescent
HSCs and the portal fibroblasts, can differentiate into
myofibroblasts. Then, bone-marrow derived cells, consist-
ing of fibrocytes and mesenchymal stem cells in the
peripheral blood, can be recruited to the injured liver to
differentiate into myofibroblasts. Recent studies have
demonstrated that bone-marrow derived cells make only a
small contribution to the myofibroblast population in
experimental liver fibrosis. Instead, fibrocytes may play a
crucial role in the initiation of immune response during the
earliest phases of tissue injury [8¢]. Finally, hepatic pro-
genitor cells, hepatocytes, cholangiocytes, and hepatic
sinusoidal endothelial cells have been proposed to differ-
entiate into myofibroblasts through epithelial or endothelial
mesenchymal transition (EMT). Although primary hepa-
tocytes can undergo EMT in vitro, it is extremely hard to
detect hepatic myofibroblasts originating from epithelial or
endothelial cells through EMT in vivo [9]. Thus, the main
sources of hepatic myofibroblasts in liver fibrosis are the
hepatic resident mesenchymal cells, consisting of the HSCs
and portal fibroblasts. The most widely used and accessible
marker of myofibroblasts are the de novo expression of
o-smooth muscle actin (a-SMA). However, no reliable
markers have yet been identified for distinguishing HSCs
from portal fibroblasts after myofibroblastic differentiation.
The contribution of portal fibroblasts to hepatic fibrosis is
not well understood mainly because of the difficulties in
distinguishing and isolating them.

Development of liver fibrosis and cirrhosis is associated
with deposition of ECM, in which Collagen Type I is the
most abundant [10]. Transgenic Colagen-a1(I)-GFP mice
have been generated a decade ago. In these mice expression
of GFP is driven by Collagen-a1(I) promoter, and therefore,
expression of GFP is observed in cells that upregulate Col-
lagen Type 1. Our current review will summarize the recent
results obtained from transgenic reporter mice and novel
flow cytometry protocols developed to distinguish HSC- and
portal fibroblast-derived myofibroblasts and quantify their
relative contributions to hepatic fibrosis.
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Fibrotic Cascade in the Liver

Once hepatic epithelial cells (hepatocytes and/or cholan-
giocytes) are damaged by any cause, inflammatory medi-
ators are released to initiate a series of responses to liver
injury. Inflammatory cells recruited to the site of injury
phagocytose necrotic or apoptotic cells and amplify the
inflammatory response by releasing pro-inflammatory
cytokines, such as tumor necrosis factor-o (TNF-a),
interleukin-6 (IL-6), and interleukin-1 beta (IL-1B), and by
recruiting T cells [11]. The hepatic mesenchymal precursor
cells of myofibroblasts are activated and differentiated by
growth factors and cytokines including transforming
growth factor-beta (TGF-p), platelet-derived growth factor
(PDGF), and interleukin-13 (IL-13). TGF-B drives myofi-
broblast activation and ECM synthesis. PDGF stimulates
HSC proliferation through its positive feedback mechanism
involved in the autocrine and paracrine effect. IL-13 has
been also implicated in stimulation of TGF-B synthesis in
cells [12].

Immune cells play a pivotal role in the development of
hepatic fibrosis. In experimentally induced fibrosis, the
balance between Thl and Th2 cells is important for the
fibrotic response. For example, C57BL/6 mice (in which a
Thl cell response predominates) have a lower fibrotic
reaction than BALB/c mice (in which a Th2 cell response
predominates) [13]. Recently, increasing evidence has
suggested an emerging novel role of T cell subsets,
including Th17, Treg, and &yT cells, in the fibrotic process
[14]. However, further studies are needed to fully elucidate
their functions.

Hepatic fibrosis is a dynamic process and can be
considered a part of the healing response to liver injury.
The ECM is not stable, but is constantly synthesized and
degraded by proteolytic enzymes such as the matrix
metalloproteinases (MMP) or collagenases. The revers-
ibility of mild to moderate hepatic fibrosis is now a
reality in patients whose etiology has been successfully
treated. In clinical practice, studies of antiviral treatments
for hepatitis C have showed that fibrosis is reversible
after a sustained virologic response [15]. However, there
is no unequivocal evidence for a complete reversal of
severe cirrhosis with regenerative nodules and dense
fibrotic septa. Current clinical studies based on liver
biopsies have showed that the matrix enzyme lysyl
oxidase-like-2 (LOXL2) increased in the fibrotic liver
and was limited in the healthy liver. LOXL2 catalyzes
the first step in the formation of crosslinks in fibrillar
collagen. The extensiveness of the crosslinks observed in
severe fibrosis and cirrhosis prevent their degradation by
collagenases [16].
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Hepatic Myofibroblasts

Hepatic myofibroblasts, characterized by expression of
o~-SMA and production of ECM, are mainly found in chron-
ically injured livers, irrespective of the etiology, and are
morphologically defined as large and spindle-shaped cells
with cytoplasmic stress fibers running parallel to the long axis.
Myofibroblasts are characterized by several common features
based on their ultrastructural analysis, including a prominent
rough endoplasmic reticulum, a Golgi apparatus producing
collagen, peripheral myofilaments, well-developed cell-to-
stroma attachment sites (fibronexus), and gap junctions [17,
18]. The process of myofibroblast differentiation leads to a
highly proliferative, migratory, and contractile phenotype.
The persisting inflammation is believed to drive and sustain
fibrogenesis. Myofibroblasts can release a number of pro-
inflammatory molecules and directly contribute to this con-
tinuous inflammation [10, 19, 20]. In both experimental and
clinical liver fibrosis, there is a close correlation between the
regression of liver fibrosis and the disappearance of myofi-
broblasts. Previous studies have demonstrated that some
myofibroblasts undergo cell death by apoptosis, while other
myofibroblasts are restored to their quiescent-like state [21°,
22]. This phenomenon has been identified recently, but has a
great potential for anti-fibrotic therapy. However, the mech-
anism underlying “inactivation” of HSC/myofibroblasts in
response to toxic liver injury remains unknown. Future
investigations are required to determine why a half of HSC/
myofibroblasts apoptose during regression of liver fibrosis,
while the other half of myofibroblasts survives and undergoes
inactivation. Identification of the mechanism of HSC/myofi-
broblast inactivation, may provide new targets for anti-
fibrotic therapy.

Two Experimental Models for the Study of Hepatic
Fibrosis

Mouse models have been used for several decades to study
fibrogenesis. The two most common methods for modeling
experimental liver fibrosis in mice are the administration of
carbon tetrachloride (CCly) and bile duct ligation (BDL).
Each model displays specific characteristics in the evolution
of fibrosis.

Administration of CCly leads to centrilobular necrosis, and
eventually leads to liver fibrosis and cirrhosis. CCl, causes
damage of hepatocytes, in which highly reactive free radical
metabolites are formed by the mixed function oxidase system,
including a CYP2E1-mediated reaction [23]. HSCs are acti-
vated following CCl, challenges. In this model, fibrosis first
develops in pericentral areas and secondarily between central
and portal areas, which is called “bridging fibrosis.”

The hepatic injury induced by BDL in mice is similar to
the condition of human secondary biliary cirrhosis; it is
characterized by cholestasis, hepatic inflammation, neu-
trophil infiltration in the portal tracts, proliferation of
cholangiocytes, and portal tract fibrosis. In BDL mice,
serum bile acid levels increase by dozens of fold. Bile acids
are pro-oxidants directly causing tissue damage mediated
by reactive oxygen species (ROS), or indirectly through
activation of Kupffer cells to release ROS [24]. The
overspill of bile acid stimulates the proliferation of cho-
langiocytes, resulting in a ductular reaction accompanied
by portal inflammation and fibrosis [25¢]. Previous studies
have showed the importance of portal fibroblasts as con-
tributors to fibrosis in the BDL model [26].

Hepatic Stellate Cells (HSCs)

HSCs are intralobular connective tissue cells representing
less than ten percent of the total number of liver cells.
Under physiological conditions, HSCs reside in the space
of Disse and serve as a major storage of Vitamin A in the
mammalian body. HSCs also participate in the homeostasis
of the intrahepatic ECM protein turnover by secreting the
sufficient amount of ECM molecules required for tissue
repair and by releasing MMP and their inhibitors. By virtue
of the contractility of their long cytoplasmic processes
encircling the sinusoid, HSCs presumably contribute to the
regulation of hepatic microcirculation through the sinu-
soidal capillaries [27].

The liver is the main storage organ for dietary Vitamin
A. Vitamin A includes numerous retinoid forms such as
retinyl esters, retinol, retinal, retinoic acid, and several
provitamin A carotenoids. Retinoids are transported in the
form of retinyl esters. Dietary retinoids are absorbed in
the small intestine, where they are packaged into chylo-
microns for transportation to the lymphatic circulation
system. The retinoid-containing chylomicrons are taken
up by hepatocytes, wherein retinoids are hydrolyzed to
retinol, and bound retinol-binding protein (RBP), to
transfer to the HSCs for storage. HSCs are the central
cellular site for retinoid storage in healthy animals,
accounting for as much as 50-60 % of the total retinoid
present in the entire body. Retinoids are stored in the
form of retinyl esters in the lipid droplets, which are
characteristic of HSCs [28]. In response to liver injury,
quiescent HSCs activate and release some of the Vitamin
A droplets. Upon activation, HSCs change their mor-
phology, migrate to the site of injury, and upregulate
mesenchymal markers such as o-SMA, collagen ol(l),
and fibronectin. HSCs differentiate into myofibroblasts in
the injured liver and produce ECM [29].
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Portal fibroblasts

Portal fibroblasts are resident fibroblasts with a spindle
shape which are present in very small numbers in the
mesenchyme surrounding the bile ducts. Under normal
conditions, they participate in physiological ECM turnover.
Portal fibroblasts almost certainly give rise to myofibro-
blasts during the development of cholestatic liver injury
(but not toxic liver injury, [30]). In response to hepatic
injury induced by BDL in mice, portal fibroblasts prolif-
erate and are activate to produce ECM at the periphery of
the bile ducts [31]. Portal fibroblasts can be distinguished
from HSCs due to the lack of oil droplets, including
Vitamin A. In addition, they express elastin and Thy-1;
elastin, fibulin 2, gremlin 1, and mesothelin (a novel
marker) have also been identified as markers of portal
fibroblasts [32, 33]. However, during the development of
hepatic injury, HSCs slightly express elastin [34]. Thyl is a
T cell marker, which is particularly abundant on the surface
of thymocytes and peripheral T cells. Therefore, the
question is, what are the specific markers for portal fibro-
blasts, and how portal fibroblasts can be distinguished from
other myofibroblasts in fibrotic liver. In chronic cholestatic
disorders, the fibrotic tissue is initially located around
portal tracts. Histological findings from fibrotic livers
suggested that portal fibroblasts contribute to the overall
fibroblasts observed in cholestatic liver injury. However,
their role in liver fibrosis is still unclear because of the lack
of markers that can definitively determine the presence of
portal fibroblasts from the pool of hepatic myofibroblasts.
This problem is further complicated by a recent report by
Asahina et al., suggesting that portal fibroblats and HSCs
may originate from a common progenitor during the
embryonic development [7].

Strategies to Detect Hepatic Myofibroblasts

In recent years, manipulation of mouse genetics has been
remarkably progressed and provided tools that have greatly
facilitated the studies designed to dissect many biological
processes in mammalian body, including liver fibrosis.
Thus, development of collagen-al(I)-GFP mice became
one of the useful tools to study liver fibrosis [9, 17, 21,
35e¢]. Our group has also utilized the collagen-al(I)-GFP
transgenic mouse in which green fluorescent protein (GFP)
is upregulated in hepatic myofibroblasts in response to
fibrogenic liver injury [36]. These mice can undergo
chronic liver injury with repeated CCly injections or BDL
to induce liver fibrosis, after which their collagen-produc-
ing cells express GFP, which is easily identified by its GFP
fluorescence. The expression of collagen-al(I)-driven GFP
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in these mice closely correlates with the expression of
o-SMA, a general marker for myofibroblasts. The GFP-
expressing cells have been considered myofibroblasts [35].
Our strategy to detect hepatic myofibroblasts was based on
the investigation of GFP-expressing cells in nonparenchy-
mal fractions of CCly-treated or BDL collagen-o1(I)-GFP
mice.

The study of the cell fate mapping of HSCs had
demonstrated that although there is a decrease in the
amount of Vitamin A upon HSC activation, the Vitamin
A-specific autofluorescence excited with UV can be still
detected in all HSCs by flow cytometry [35, 37].
Whereas the GFP is expressed in all myofibroblasts, the
presence of droplets containing of Vitamin A is solely
and exclusively attributed to HSC-derived myofibroblasts
[35, 37, 38]. To distinguish HSCs from hepatic myofi-
broblasts of other origins, the flow cytometry has been
reported to be a method of choice to distinguish and
quantify the contribution of HSCs and portal fibroblasts
to liver fibrosis induced by either CCl, treatment or
BDL. The suggested method used GFP to identify all
myofibroblasts. Next, the presence of Vitamin A was
used to identify myofibroblasts originated from HSCs,
while all other GFP + Vitamin A- myofibroblasts were
attributed to myofibroblasts of all other origins. Sur-
prisingly, this GFP + Vitamin A- fraction was composed
mostly by Thyl and TE-1 (elastin) positive cells, while
CD45 + Collagen-o1(I)-GFP + fibrocytes [39¢] consti-
tuted only 4 % of total GFP + fraction. Taken together,
the flow cytometry-based quantification analysis of
hepatic myofibroblasts activated in fibrotic liver in
response to different types of liver injury (toxic and
cholestatic) has demonstrated that HSCs are the major
source of myofibroblasts in CCly-incuced liver fibrosis.
However, portal fibroblasts are the major source of
myofibroblasts at the onset of BDL-induced liver injury,
within a week of BDL. The relative contribution of
portal fibroblasts decreases upon chronic cholestatic
injury, as HSCs become progressively activated and
contribute to the myofibroblast population. Remarkably,
the phenotype of BDL-activated HSCs has more simi-
larities with BDL-activated portal fibroblasts rather than
with CCly-activated HSCs, suggesting that portal fibro-
blasts might affect (or even regulate) activation of HSCs
in BDL-injured liver.

This observation was supported by the gene expression
array. Both of these cellular populations were isolated from
mouse liver by flow cytometry and the gene expression
profile was determined for GFP + Vitamin A + and
GFP + Vitamin A- populations from CCly- and BDL-
injured mice. Gene expression profiling and complimentary
immunohistochemistry revealed that myofibroblasts
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Fig. 1 Strategy to analysis myofibroblasts by flow cytometry:
Myofibroblasts expressing collagen-ol1(I)-driven GFP+- are identified
in nonparenchymal fraction by argon laser at 488 nm wavelength and
further fractionated to Vitamin A+ and Vitamin A— cells by UV
laser. HSC-derived myofibroblasts are sort-purified as the GFP+ and
Vitamin A+ fraction. Portal fibroblast-derived myofibroblasts are
sort-purified as the GFP+ and Vitamin A— fraction

derived from HSCs are positive for desmin, and myofi-
broblasts derived from portal fibroblasts express Thyl,
elastin, and mesothelin [35]. Mesothelin is a membrane
glycoprotein that is expressed in normal mesothelial cells;
however, its function is not clear. In our study, mesothelin
was highly expressed in myofibroblasts derived from portal
fibroblasts, such that mesothelin may serve as a novel
marker of portal fibroblasts. Despite this finding, the
function of mesothelin in mice or humans is not yet clear.
In addition, recent studies have suggested that liver capsule
(which may also express mesothelial markers) can con-
tribute to hepatic myofibroblasts in response to fibrogenic
liver injury [7, 40]. At this time, it remains unclear if the
mesothelin+ myofibroblasts represent heterogeneous pop-
ulation of hepatic mesenchymal cells that emerge in the
damaged liver in response to chronic injury, or is com-
prised by the same cell type at different stages of activa-
tion. Taken together, there might be two major sources of

hepatic myofibroblasts in fibrotic liver [39¢]. These popu-
lations of myofibroblasts may behave similar to each other
(Fig. 1), but they exhibit unique properties, and can be
distinguished from each other based on their gene expres-
sion profile. Therefore, we emphasize that the composition
of myofibroblasts varies depending on the etiology of the
hepatic injury, and the origin of myofibroblasts may
determine the personalized anti-fibrotic therapy of patients
with liver fibrosis of different etiologies [35¢, 41].

Conclusions

Myofibroblasts are the source of the fibrous scar tissue in
liver fibrosis. Hepatic myofibroblasts are transdifferentiat-
ed from two main cell populations in response to hepatic
injury. The major origins of hepatic myofibroblasts are
HSCs and portal fibroblasts. Fibrocytes also contribute to
liver fibrosis but their function is not well characterized.
Liver fibrosis caused by hepatotoxic injury is attributed to
the activated HSCs. However, portal fibroblasts are
implicated in liver fibrosis induced by cholestatic liver
injury. The contribution of portal fibroblasts to liver
fibrosis has not been well characterized because of the
difficulties in cell sorting-purification and the lack of
identifiable and specific markers for portal fibroblasts. Our
novel flow cytometry method makes it possible to distin-
guish HSC- and portal fibroblast-derived myofibroblasts
from the nonparenchymal cell fraction of the fibrotic liver
in mice. It is also able to identify a novel specific marker,
mesothelin, which is specific to portal fibroblasts. A
detailed investigation of myofibroblasts, particularly using
new methods such as ours, will provide insight into the
mechanisms underlying liver fibrosis, and may lead to the
development of more effective therapy.
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Abstract

AIM: To evaluate the efficacy of ethoxibenzyl-magnetic
resonance imaging (EOB-MRI) as a predictor of hepato-
cellular carcinoma (HCC) development.

METHODS: Between August 2008 and 2009, we
studied 142 hepatitis C virus-infected patients (male
70, female 72), excluding those with HCC or a past
history, who underwent EOB-MRI in our hospital. The
EOB-MRI index [liver-intervertebral disc ratio (LI)] was
calculated as: (post-liver intensity/post-intervertebral
disc intensity)/(pre-liver intensity/pre-intervertebral disc
intensity).

RESULTS: The median follow-up period was 3.1 years
and the patients were observed until the end of the
study period (31 December, 2012). In the follow-up
period, HCC occurred in 21 patients. The cumulative
occurrence rates were 2.1%, 9.1%, and 14.1% at 1,
2, and 3 years, respectively. Using the optimal cut-off
value of LI 1.46, on univariate analysis, age, aspartate
amino transferase (AST), a-fetoprotein (AFP) = 10,
albumin, total cholesterol, prothrombin time, platelets,

and LI < 1.46 were identified as independent factors,
but on multivariate analysis, LI < 1.46: risk ratio 6.05
(1.34-27.3, P = 0.019) and AFP = 10: risk ratio 3.1
(1.03-9.35, P = 0.045) were identified as independent
risk factors. LI and Fib-4 index have higher area under
the receiver operating characteristic curves than other
representative fibrosis evaluation methods, such as
Forn's index and AST-to-platelet ratio index.

CONCLUSION: LI is associated with the risk of HCC
occurrence in hepatitis C patients. LI may be a substi-
tute for liver biopsy when evaluating this risk and its
combined use with Fib-4 is a better predictive method
of HCC progression.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This manuscript addresses a method of hepa-
tocellular carcinoma (HCC) prediction by using a new
technique that evaluates hepatic fibrosis using a non-
invasive method (reported recently). This is the first
reported study to consider a possible substitute for liver
biopsy by using an magnetic resonance imaging (MRI)
method (a widespread method in public medical servic-
es) for evaluating the risk of occurrence. We propose
that this method will become one of the most popular
and precise noninvasive methods to predict the occur-
rence of HCC, and the combination of this MRI method
and Fib-4 index may provide a better predictive method
of HCC progression.
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INTRODUCTION

The major cause of cirrhosis globally is chronic hepatitis
C. The risk of hepatocellular carcinoma (HCC) dcvelopa«
ment is related to this, as reported in several papers ™,
and advanced fibrosis increases the risk of carcinogen-
esis!'. The prognosis of HCC is not good even when
detected and treated at an carly smgc "9 Thus, it is im-
portant to determine outpatients’ fibrotic stage in order
to identify the risk of HCC occutrence in the manage-
ment of patients with chronic liver disease. Even now, to
determine the grade of fibrosis, the gold standard is liver
biopsy, but it is associated with certain problcms such as
sample error and severe complications” . Previously,
noninvasive mcthods to evaluate ﬁbrom wcre reported,
such as Forn’s index""!, the Fibro index™™, and asp'umtc
amino transferase-to- platclct ratio index (APRD)™. Using
laboratory data, it has been reported that the Fibrotest
is a useful prognostic factor for hepatitis C patients'™.
On the othcr hmd specific methods, such as tmnsmnt
elastography'”, magnetic resonance (MR) clastography?,
and acoustic radiation force impulse!'”, have been report-
ed to evaluate fibrosis as surrogates of liver biopsy. Tran-
sient elastography is reported to indicate a wide-ranging
risk of HCC incidence. We tecently reported the accuracy
of staging fibrosis in chronic hepatitis in hepatitis C virus
(HCV) infection using ethoxibenzyl-MR imaging (EOB-
MRD™, bur there are no reports about a predictor of
HCC incidence using this new method. Here, we report a
study to evaluate the efficacy of EOB-MRI as a predictor
of HCC development.

MATERIALS AND METHODS

Patients

Between August 2008 and December 2009, we studied
142 HCV-infected patients, excluding those with HCC or
a past history, who underwent EOB-MRI in our hospital.
Clinical data were obtained within one month of EOB-
MRI information being obtained. The definition of HCV
infection was determined by a positive anti-HCV anti-
body and detection of quantitative or qualitative HCV
RNA. Exclusion criteria were as follows: (1) infection
with hepatitis B or human immunodeficiency viruses; (2)
alcohol abuse; (3) the presence of numerous liver tumors;
and (4) having previously undergone partial splenic arte-
rial embolization or splenectomy. During the follow-up
petiod, the history of interferon (IFN) therapies and as-
sociated responses was examined. We defined a sustained
virological response (SVR) as undetectable HCV-RNA
for at least 24 wk after IFN therapy. The study protocol
conformed to the ethics guidelines of the 1975 Helsinki
Declaration and was approved a priori by the institution’
s human research committee. All blood tests were per-
formed within 1 wk before or after MRI.

Follow-up of patients and HCC diagnosis

The screening of HCC occurrence was carried out by
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enhanced MRI or enhanced computed tomography (CT).
Outpatients were followed up with blood tests, tumor
matkers for HCC, and image analysis, such as ultraso-
nography, enhanced CT, ot enhanced MRI, every 3 to 6
mo. The diagnosis of HCC was determined by enhanced
CT or enhanced MRI, considering enhancement in the
arterial phase and washout in the eatlier delayed venous
phase as a classical sign of HCC". When the diagnosis
of HCC was not clear in CT or MRI, a histological diag-
nosis was performed by tumor biopsy”'. Cases that were
diagnosed as HCC within 6 mo from the first MRI trial
were excluded because there should have been only small
HCC when the first MRI was performed. This study was
continued undl December 31, 2012.

MRI techniques

A 1.5-Tesla MR system (Philips Co., Amsterdam, the
Nethetlands) was used: 0.025 mmol/kg body weight ga-
doxetate disodium was intravenously injected and quanti-
tative measurements were performed using unenhanced
and gadoxetate disodium-enhanced imaging at 20, 35,
70, and 180 s, and the imaging at 15, 20, and 25 min was
obtained as hepatobiliary phases. Imaging parameters
were as follows: rcpctmon time/echo time = 4.17/2.05
ms. Then, 1-2 cm’” regions of interest of the mean signal
intensity value of the liver were measured. At each MRI,
the means of three different regions of right anterior,
right posterior, and left lateral segments of the liver de-
void of large vessels or severe artifacts were calculated.
Using the liver to intervertebral disk signal intensity
(LISI) and liver signal intensity/intervertebral disk signal
intensity, we calculated the post-enhanced LISI/pre-
enhanced LISI [described as liver- intezvertebral disc
ratio (LI)], as detailed in our previous report"™. We used
hepatobiliaty phase data at 20 min because this is most
commonly used globally and the data showed no signifi-
cant difference from the value at 25 min. As we reported
previously, because cut-off values of 1.31 and 1.80 are
representative values of liver cirrhosis and significant
fibrosis of the liver, we divided all patients into < 1.31,
1.311 to 1.38, 1.381 to 1.50, 1.501 to 1.60, and > 1.601.
Age, sex, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), serum albumin level, total bilirubin
(T.Bil), gamma-glutamyl transpeptidase (yGTP), total
cholesterol, and platelet count (Plt) were examined. The
prothrombin tme (PT) was measured as a percentage of
the daily internal control.

Statistical analysis

Baseline data are presented as the mean + SD with the
range in parentheses for quantitative variables. The best
models derived from the categorical variables were com-
pared by the ZZ ot Fishet’s exact test, whereas Wilcoxon
rank sum test (nonparametric) for continuous variables
and the unpaired Student’s # test (parametric) were used
to evaluate differences in age, sex, albumin, T.Bil, PT, Plt,
AST, ALT, yGTP, total cholesterol, and o-fetoprotein
(AFP) at the time of entry. The results are reported as
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Variables Mean + SD

Age (yr) 66.1+12.4 (28-87)
Male (M/F) 70/72

AST (U/L) 48.9 +£23.4 (11-155)
ALT (U/L) 51.7 £34.1 (10-228)
Serum albumin (g/dL) 41405 (24-5)
Gamma-GT(IU/L) 67 92 (14-811)
ALP (U/L) 331 171 (141-1206)
T.Chol (mg/dL) 175 £ 36 (90-280)
T.Bil (mg/dL) 0.86 +£0.42 (0.3-2.9)
PT (%) 93 +£15.2 (55.2-134)
Platelet (x 10°/ L) 136 + 60 (42-338)
AFP (ng/mL) 14.5 £ 27.5 (1.6-235)
LI 1.51£0.19 (1.11-2.15)
Patients who received IFN, n (%) 39 (27.5)
Patients who achieved SVR, n (%) 27 (19.0)

AST: Aspartate amino transferase; ALT: Alanine aminotransferase; Gam-
ma-GT: Gamma-glutamyl transpeptidase; T.Chol: Total cholesterol; T.Bil:
Total bilirubin; PT: Prothrombin time; AFP: o-fetoprotein; LI: Liver-inter-
vertebral disc ratio; IFN: Interferon; SVR: Sustained virologic response;
ALP: Alkaline phosphatase; F: Female; M: Male.

hazard ratios with 95%CIL. P < 0.05 in a two-tailed test
was considered significant for all analyses. Patients were
censored when they died without HCC development,
when they stopped visiting, or when the study period
ended. Cumulative occurrence curves were analyzed us-
ing the Kaplan-Meier method and tested by Wilcoxon’s
method. The Cox proportional hazard regression model
was used to estimate the risk factors for hepatocarcino-
genesis using the following variables in univariate and
multivariate analyses: sex, albumin, T.Bil, PT, Plt, AST,
ALT, yGTP, alkaline phosphatase (ALP), total cholesterol,
AFP (= 10 ng/mlL), LI (< 1.46) at the time of entty, and
the history of IFN therapy (with or without, and SVR or
non-SVR).

All statistical analyses were performed using IBM
SPSS Statistics 21 software (IBM, Chicago, IL, United
States).

RESULTS

Patient characteristics

A total of 145 patients who had undergone EOB-MRI
were examined. Three patients were excluded because
they developed HCC within 6 mo.

Patient characteristics at the time of EOB-MRI are
shown in Table 1. There were 70 men and 72 women,
with a mean age of 66.1 £ 12.4 years. The mean AFP lev-
el was 14.5 ng/mL and the median was 5 ng/mL. Thirty-
seven patients (26%) had an AFP level of = 10. Thirty-
nine padents received IFN and 27 patents achieved SVR
in the follow-up petiod.

Occurrence of HCC and patient follow-up
The median follow-up period was 3.1 years, during which
14 (9.8%) patents were lost to follow-up and were cen-
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Figure 1 Cumulative incidence of hepatocellular carcinoma occurrence
stratified by liver-intervertebral disc ratio. Cumulative occurrence rates
increased gradually in an Ll-independent manner. LI: Liver-intervertebral disc
ratio.

sored at the time of the last visit. Nine patients died
of liver failure, one died of gastroenterological varices
rupture, and nine died of liver-unrelated causes, and they
were censored when they died. The remaining patients
were observed until the end of the study petiod (31 De-
cember, 2012). During the follow-up petiod, HCC oc-
curred in 21 patients. The cumulative HCC occurtence
rates were 2.1%, 9.1%, and 14.1% at 1, 2, and 3 years,
respectively, by the Kaplan-Meier method. Baseline char-
acteristics were compared in patients with and without
HCC occurrence (Table 2). There wete no significant dif-
ferences between the no-HCC occurrence group and the
HCC occurrence group in terms of age, sex, ALT level,
gamma-GT, T.Bil, the performance of IFN therapy, and
the achievement of SVR, while AST, ALP, and AFP were
higher and albumin, total cholesterol (T.Chol), PT, plate-
lets, and LI were lower in the HCC occurrence group
than in the no-HCC occutrence group.

Occurrence rate of HCC stratified by LI
The cumulative occurrence rates at 1, 2, and 3 yeats in
each LI group were 0%, 0%, and 2% in patents with
LI = 1.601; 0%, 5.8%, and 5.8% in patients with LI
1.501-1.600; 0%, 7.1%, and 14.3% in patients with LI
1.381-1.500; 0%, 11.8%, and 23.5% in patients with LI
1.311-1.380; and 12.5%, 29.2%, and 33.3% in patients
with LI <t 1.310, respectively (Figure 1). The occurrence
rates differed significantly among the 5 LI groups (P =
0.0031), increasing with decreasing LI

The receiver operating charactetistic curve (ROC)
curve was used to evaluate the cumulative incidence of
LI and a cut-off value of 1.46 was determined [area un-
der the ROC (AUROC): 0.765 * 0.05, 0.669-0.861] by
calculating the highest accuracy value (0.63) and likeli-
hood ratio (2.19). The use of this cut-off value resulted
in sensitivity: 90.5%, specificity: 58.7%, positive predic-
tive value: 27.5%, and negative predictive value: 97.3%.
We compared these results with several representative
fibrosis evaluation methods reported previously (Figure
2). The AUROC for each was: Forn’s index, 0.733 + 0.05,
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Figure 2 Receiver operating characteristic curve evaluating the cumulative incidence of liver-intervertebral disc ratio, aspartate amino transferase-to-
platelet ratio index, Fib-4, and Forn’s index. APRI: aspartate amino transferase-to-platelet ratio index; MRI: Magnetic resonance imaging.

Variables - " ‘No HCC occurrence n = 121 HCC occurrence n = 21 P value
Age (yr) ‘ 65.4 +12.9 (28-87) 70.3 £7.9 (51-79) 0.094
Sex (M/F) ' °59/62 , 11/10 0.759
AST (U/L) - : 46.0 +20.4 (11-110) 65.5 + 316 (34-155) - 0.000
ALT (U/L) 49.5+32.5 (10-228) 64.4 + 40.5 (31-205) 0.063
Serum albumin (g/dL) 41205 (24-5) 38205 (2.6-47) 0.030
Gamma-GT (IU/L) 4 67 £97 (14-811) 62+ 43 (16-226) 0.829
ALP (U/L) 315 + 158 (141-1206) 426 +212 (150-1006) 0.006
T.Chol (mg/dL) 178 + 36 (90-280) 159 + 35 (93-260) 0.029
T.Bil (mg/dL) , 0.86 +0.42 (0.3-2.9) 0.86 +0.42 (0.3-2.9) 0.287
PT (%) 94 +15.5 (55.2-134) 86.8+12.0 (67-110) 0.045
Platelet (x 10°/pL) 142 + 61 (42-338) 104 + 40 (46-166) 0.006
AFP (ng/mL) 11.7 +26.3 (1.6-235) 30.3 +31.6 (4.2-116) 0.004
LI © 1532020 (1.11-215) 137 £0.10 (1.23-167) 0.000
Patients who received IFN, n (%) 37 (30.6) 2(9.5) 0.062
Patients who achieved SVR, n (%) 25 (20.7) 2(9.5) 0.366

HCC: Hepatocellular carcinoma; AST: Aspartate amino transferase; ALT: Alanine aminotransferase; Gamma-GT: Gamma-
glutamyl transpeptidase; ALP: Alkaline phosphatase; T.Chol: Total cholesterol; T.Bil: Total bilirubin; PT: Prothrombin time;
AFP: a-fetoprotein; LI: Liver-intervertebral disc ratio; IFN: Interferon; SVR: Sustained virologic response; F: Female; M:
Male.
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Variable Univariate analysis Multivariate analysis
; Risk ratio 95%Cl P-Value Risk ratio = 95%(ClI P-Value

Age (per 1 year old) . 1.04 1.01-1.09 0.045 1.05 0.99-1.11 0.139
Sex (F) - . 0.74 0.31-1.73 0.483
AST (U/L) B 1.02 1.01-1.03 <0.001 1.01 0.99-1.03 0.200
ALT (U/L) 1.01 1 0.99-1.02 0.12
Serum albumin (g/dL) 0.27 0.12-0.60 0.001 0.62 0.17-2.26 0.469
Gamma-GT (IU/L) ’ 1.00 0.99-1.01 0.942
ALP (U/L) , 1.002 1.001-1.004 . 0.006 1.00 0.99-1.01 0.504
T.Chol (mg/dL) 0.98 0.97-0.99 0.01 0.99 0.98-1.01 0483
T.Bil (mg/dL) 2.01 0.77-5.25 0.153
PT (%) ' 0.97 10.94-0.99 0.018 1.01 0.97-1.05 0.621
Platelet (x 10°/ uL) -0.98 0.97-0.99 0.003 0.99 0.98-1.01 0.281
AFP (= 10 ng/mL) , 7.39 2.97-18.37 <0.001 3.10 1.03-9.35 0.045
LI(<146) 11.63 2.71-49.9 0.001 6.05 1.34-27.3 0.019

> 1.601 ' 1.00 ' ' '

1.501 to 1.60 ) 2.68 0.17-42.9 0.48

1.381 to 1.50 7.24 0.89-58.9 0.06

1.311 to 1.38 : . 11.5 1.2-103 0.02

<1.31 17.34 2.16-138.7 0.007
Patients who received IFN 0.20 0.04-0.87 - 0.032 1.09 0.21-5.62 0.917
Patients who aéhieved SVR 035 0.81-1.51 0.158

AST: Aspartate amino transferase; ALT: Alanine aminotransferase; Gamma-GT: Gamma-glutamyl transpeptidase; ALP:
Alkaline phosphatase; T.Chol: Total cholesterol; T.Bil: Total bilirubin; PT: Prothrombin time; AFP: a-fetoprotein; LI:
Liver-intervertebral disc ratio; IFN: Interferon; SVR: Sustained virologic response; F: Female.

Subgroup ~ m - Risk ratio 95%Cl P-Value
Age 269 75 1251 1.63-95.82 0.015
<69 67 9.2 1.11-76.58 0.041
Sex , Male - 70 84 1.08-65.18 0.042
‘Female 72 7.024 1.49-33.14 0.014
Platelet (x 10°/ L) <120 67 448 1.01-19.89 0.048
' ' =120 75 1496 1.89-118.2 0.013
Albumin (g/dL) <42 72 9.7 1.27-74.24 0.029
=42 70 10.79 1.29-89.7 0.028
ALT (U/L) =50 88 10.98 1.39-86.7 0.023
, <50 54 127 1.62-99.63 0.016
IFN : - 103 1335 1.78-100.1 0.011
+ 39 3.498 0.22-55.96 0.376
SVR : - 115 15.98 2.13-119.7 0.007
- 27 3.795 0.28-60.74 0.346

ALT: Alanine aminotransferase; IFN: Interferon; SVR: Sustained virologic response.

0.627-0.840; APRI, 0.752 % 0.05, 0.648-0.856; and Fib-4,
0.765 + 0.05, 0.665-0.861. Comparing these results, MRI
is as effective as the Fib-4 method and more effective
than Forn’s index and APRI.

Prognostic Factors of HCC occurrence risk by univariate
and multivariate analyses

On univariate analysis, LI < 1.46, AFP = 10, age (per
year of age), AST (per 1 U/L), serum albumin (per 1
g/dL), ALP (per 1 U/L), T.Chol (per 1 mg/dL), PT (per
1%), platelets (per 1 x 10°/pL), and receiving TFN were
identified as tisk factors for the occurrence of HCC. The
risk of HCC occurrence increased in accordance with
LI decrease. On multivariate analysis, LI < 1.46 (P =

0.019) and AFP = 10 ng/mL (P = 0.045) wete identified
as independent factors; LI: risk ratio: 6.05 (1.34-27.3, P
= 0.019) and AFP: 3.1 (1.03-9.35, P = 0.045) (Table 3).
The LI contributions to HCC occurtence risk wete also
evaluated in subgroup analyses. We investigated whether
higher LI was a significant risk factor with several other
factors (Table 4). High LI was a significant risk factor
even with low or high values of age, Plt, albumin, ALT,
and male or not, IFN-treated ot not, and SVR achieved
or not. The LI contribution was greater at age = 69 (older
group) and with platelets = 120 X 10°/pL (ess fibrosis).
In the IFN-untreated group and the SVR-unachieved
group, there was a significant risk in low LI, but in the
IFN-treated group and SVR not-achieved group, there

— 201 —

WJH | www.wjgnet.com

JBaishideng®

December 27, 2014 | Volume 6 | Issue 12 }



A
& 40 Wilcoxon P = 0.0001
g
3 LI < 1.46
O
=
£ sl LI > 1.46
2
®
>
g
= H
Q o [ | i L 1 1 L L

0 250 500 750 1000 1250 1500 1750 2000

d
B ol
& Wilcoxon 7 = 0.0001
Q
S 40}
he!
2 AFP = 10 ng/mL
g AFP < 10 ng/mL
B 20
=1
£
e e
o
0 i 1 ] I 1 Il 1

|
1000 1250 1500 1750 2000
d

H 1
0 250 500 750

Figure 3 Relationship between cumulative occurrence rates and liver-
intervertebral disc ratio (A), cumulative occurrence rates and serum
o-fetoprotein level (B). A: Occurrence rates with LI < 1.46 were significantly
higher than those with LI = 1.46; B: Occurrence rates with serum AFP = 10
ng/mL were significantly higher than in those with serum AFP < 10 ng/mL. LI:
Liver-intervertebral disc ratio; AFP: a-fetoprotein.

were no significant differences because the sample num-
bers were very small.

Relationship between occurrence rate and LI or AFP

The occurrence rate in patients with LI < 1.46 was sig-
nificantly higher than in those with LI = 1.46 (Wilcoxon
P < 0.0001) (Figure 3A); in addition, in those with serum
AFP = 10 ng/mlL, it was significant highet than in those
with serum AFP <10 ng/mL (Wilcoxon P < 0.0001)

(Figure 3B).

DISCUSSION

It is known that liver fibrosis is the strongest prognostc
factor of chronic liver disease and liver biopsy is now
recognized as the best method for evaluating this condi-
tion™, although it has problems such as complications.
Several risk factors for HCC occurrence ot tecurrence
have been reported, such as age, sexm, serum albumin
level™?, AFP level™, and high transaminase™. Our
study showed almost the same results as these previous
reports. In particular, the progression of fibrosis may
increase the risk of HCC incidence, so it is very impos-
tant to determine the stage of liver damage™””. Various
methods have been reported for the evaluation of liver
fibrosis and have been divided into two groups: ultra-
sonographic methods"™>"**! and others"*'"®. Although
gadolinium ethoxybenzyl diethylene triamine pentaacetic
acid (Gd-EOB-DTPA)-enhanced MRI is one of the most

Nojiri S et a/. Evaluation of HCC development by EOB-MRI

sensitive methods to detect HCC development, it is also
a very important method to evaluate liver fibrosis as a
noninvasive investigation”>”. We used Gd-EOB-DTPA-
enhanced MRI and the LEOB-MRI index = (post-liver
intensity/post-disc intensity)/(pre-liver intensity/pre-disc
intensity) because it has the highest accuracy of all of the
calculation methods using EOB-MRI"™. In this study, we
used the 20-min hepatobiliary phase because many insti-
tutions accept the hepatobiliary phase as being 20 min
after injection and it has also been accepted by consensus
of the International Forum for Liver MRIPY, In our pre-
vious study, the data between 20 and 25 min showed no
significant difference (data not shown).

LI constantly decreased as the fibrosis stage pro-
gressed to a higher stage, but many values ovetlapped
between close fibrous stages, so we decided that the best
cut-off point was 1.46 on the ROC cutve by calculat-
ing the accuracy value and likelihood ratio. Using this
cut-off value, LI < 1.46 always showed a high risk, with
both low and high tisks for several other factors, show-
ing that lower LI is a strong independent isk factor and
can complement other risk factors. LI may reflect not
only the fibrosis stage but also functional aspects of the
liver because it is decided by vatious factors, such as de-
creased hepatocytes, deficient hepatocyte function, and
indocyanine green clearance®™ ¥, The uptake and excre-
tion of gadoxetate disodium ate catried out by the anion-
transporting polypeptides Oatpl and Mrp2™. The bal-
ance of these effects may regulate the signal intensity of
liver parenchyma in the hepatobiliaty phase followed by a
decrease of its signal upon hepatic damage or detetiorat-
ing citrhosis®**". Viewed from this perspective, LI could
be an outstanding predictor that reflects the occurrence
of HCC and prognosis, in compatison to othet methods
that can assess only fibrosis.

In the present study, two patients developed HCC in
the higher-LI group. According to theit clinical data, both
had significant splenomegaly and varices, and their actual
pathology obtained from surgery was F4. OATP1B1/
1B3 are hepatocyte-specific transporters determining
the uptake of Gd-EOB-DTPA during MR, and genetic
polymorphisms of their polypeptides might influence
hepatic enhancement®™, but their actual influence is rela-
tively small and the intensity in the second case was ex-
tremely high, so it was thought to be difficult to explain
this discrepancy completely. In patdcular, one of the two
patients achieved SVR during observation but developed
HCC. AFP of the two patients did not change even when
HCC developed. The occurrence of HCC after IFN
therapy is a rare but important problem, as some stud-
ies have reported recently™*", Chang et a/* advocated
calculating the HCC prediction score after IFN therapy
and, using this method, the scote of our case was 5 in the
so-called medium-risk group. Because the AUROC value
of Fib-4 is as high as that of LI, the cut-off value (4.0)
of Fib-4 was determined because the highest accuracy
(0.669) was obtained, with sensitivity: 80.9%, specificity:
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64.5%, positive predictive value: 28.3%, and negative pre-
dictive value: 95.1%. Using this cut-off value, 4 patents
developed HCC at < 4. Interestingly, although LI and
Fib-4 have similar ROC, there are relatively weak correla-
tons between these two methods (Pearson, » = -0.303,
P =0.0002), so it is thought that they complement each
other. Our two cases in which HCC development ini-
tally could not be predicted were finally predicted using
Fib-4. Therefore, a combination of these two methods is
a better predictive method than using a single predictive
method as they complement each other and, in additon
to information on clinical advanced liver fibrosis, such as
low Plt, splenomegaly, and the existence of obvious vari-
ces, they will enable more accurate prediction of HCC
progression.

Methods such as LI using EOB-MRI and transient
elastography may be strong predictors of the HCC oc-
currence risk. Fibroscan is mote cost-effective than MRI,
but the equipment is very expensive and is restricted for
use in specific hospitals because it can be used only to
evaluate tissue elasticity and is ineffective in patients who
are obese or have ascites. On the other hand, MRI can
evaluate patients who have ascites and/or are obese and
is used in many general hospitals, so it is a widely avail-
able method.

Our study revealed that the EOB-MRI index is asso-
ciated with the risk of HCC occurrence in hepatitis C pa-
tients and may become a substitute for liver biopsy when
evaluating the risk in these patients, even when their con-
dition is not approptiate for other noninvasive methods,
and the combination of EOB-MRI index and Fib-4 may
become a better predictive method of HCC progression.

Background

The major cause of cirrhosis is chronic hepatitis C and it is well known that the
risk of occurrence of hepatocellular carcinoma increases as fibrosis progresses.
Therefore, it is important to reveal the fibrosis stages of outpatients.
Research frontiers

The gold standard test to investigate the fibrous stage of the liver is needle
biopsy, but it is potentially harmful, so other noninvasive methods are needed
and several have been reported.

Innovations and breakthroughs

This method can predict the hepatocellular carcinoma (HCC) incidence nonin-
vasively and has the advantage of being suitable for some individuals for whom
other methods are unavailable due to several factors, such as the presence of
ascites.

Applications

This method uses pictures that are typically obtained to detect HCC in outpa-
tients, so it does not require the preparation of special equipment.

Peer review

The authors evaluated the development of HCC in hepatitis C virus patients
using ethoxibenzyl-magnetic resonance imaging (EOM-MRI), and observed
that EOM-MRI is a highly sensitive and predictive method. This study was well
performed, and the manuscript is overall well written and easy to understand.
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Hepatic Congestion Leads to Fibrosis: Findings
in @ Newly Developed Murine Model

See Article on Page 648

assive hepatic congestion, known as congestive

hepatopathy (CH), occurs as a result of hepatic

outflow obstruction, a condition most com-
monly observed in congestive heart failure. Chronic
hepatic congestion can eventually result in hepatic
fibrosis. Liver specimens of patients with hepatic con-
gestion are histologically characterized by sinusoidal
engorgement and hemorrhagic necrosis in the perive-
nular areas of the hepatic acini, which leads to sinusoi-
dal fibrosis and ultimately to bridging fibrosis between
adjacent central veins."” Our understanding of fibro-
genesis in CH has largely come from pathological
examinations of human samples. The mechanisms
have remained unclear partly as a result of the lack of
appropriate experimental models.

In the current issue of HEPATOLOGY, Simonetto
et al.® developed a murine model of CH through par-
tial ligation of the inferior vena cava (pIVCL). Using
this model and an #n vitro cell culture system, they
demonstrated that chronic hepatic congestion causes
sinusoidal thrombus formation as well as sinusoidal
stretch, which both facilitate fibronectin (FN) fibril
assembly by hepatic stellate cells (HSCs), an early step
in extracellular matrix (ECM) deposition, and, eventu-
ally, hepatic fibrosis.” This work is novel and impor-
tant, particularly because of the development of a
relatively easy surgical procedure to generate hepatic

Abbreviations: CH, congestive hepatopathy;, ECs, endothelial cells; ECM,
extracellular matrix; FN, fibronectin; HSCs, hepatic stellate cells; IVC, inferior
vena cava; LMWH, low-molecular-weight heparin; LSECs, liver sinusoidal
endothelial cell; NO, nitric oxide; pIVCL, partial ligation of the inferior vena
cava; TFPI, tissue factor pathway inbibitor.
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congestion in rodents, which allowed them to investi-
gate a mechanistic link between CH and fibrosis.

In their pIVCL model, the inferior vena cava (IVC)
was ligated along with a sterile steel wire of 0.6 mm in
diameter. The wire was placed alongside the IVC and
the two ligated together, with the wire acting as a
spacer or placeholder for the ligature. The wire was
removed immediately after the ligation, which reduced
the IVC diameter by approximately 70%. The investi-
gators characterized this model intensively and verified
that mice given pIVCL presented pathological features
similar to those observed in patients with CH, includ-
ing the development of fibrosis. An exception was car-
diac output. Though reduced cardiac output was
reported in patients, no reductions were observed in
this mouse model.

There were two key observations in their pIVCL
model. One was minimal inflammatory activity in the
liver, despite the development of fibrosis. Given that
chronic inflammation has a pivotal role in the majority
of fibrotic cases, this was a unique feature and sug-
gested a noninflammatory mechanism of fibrogenesis.
In fact, minimal hepatic inflammation was observed in
patients with the Fontan circulation, another cause of
cardiac disease-related hepatic congestion, suggesting
that fibrosis can develop independently of inflamma-
tion in this condition.* The other was sinusoidal
thrombus formation, which was evident by the pres-
ence of fibrin in liver specimens of pIVCL mice as
well as those of patients with CH. The investigators
examined whether disruption of the coagulation pro-
cess by pharmacological (warfarin treatment) and
genetic (tissue factor pathway inhibitor [TFPI]-overex-
pressing mice) measures reduces fibrosis in the pIVCL
model (Fig. 1). TFPI is an endogenous inhibitor of
the extrinsic coagulation pathway,” and thus mice over-
expressing TFPI prevent thrombosis. These two
approaches significantly reduced intrahepatic fibrin lev-
els and fibrosis, indicating an effect of thrombosis on
fibrogenesis in CH.

How does thrombus formation contribute to fibro-
sis? The coagulation process generates mature fibrin
clots through cleavage of circulating fibrinogen by the
action of thrombin, a potent plasma protease.® Fibrin

facilitates binding of FN to fibril (FN fibril
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Fig. 1. Sinusoidal thrombosis and mechanical strain lead to liver
fibrosis in CH. In the coagulation process, mature fibrin clots are
formed through cleavage of circulating fibrinogen by the action of
thrombin, a potent plasma protease. Fibrin formation promotes bind-
ing of FN to fibril (FN fibril assembly), a key process of the develop-
ment of a provisional ECM. FN fibril assembly is initiated by binding of
FN to integrins, mainly «5f1 integrin, which is assembled with intra-
cellular contractile filammantous actin in HSCs. The assembly of fila-
mmantous actin is regulated by bidirectional signaling between Rho
kinase activity and integrins. Similarly, mechanical strain resulting from
hepatic congestion promotes FN fibril assembly in an integrin- and
actin-dependent manner. .

assembly),” a key process for the development of a
provisional ECM. FN fibril assembly is initiated by
binding of FN to integrins, mainly o5f1 integrin, fol-
lowed by cytoskeletal rearrangements and Rho-
dependent cellular contractions.® The investigators
verified that fibrin stimulates FN fibril assembly by
HSCs in an integrin- and actin-dependent manner,
linking hepatic thrombosis to fibrosis. In addition,
they demonstrated that mechanical forces, such as
sinusoidal stretch, could also promote FN fibril assem-
bly (Fig. 1). Hepatic congestion could increase intrahe-
patic pressure (stress), resulting in a stretch of
endothelial cells (ECs) and HSCs. The effects of
mechanical strain on ECs and HSCs have not been
well characterized.

In this study, a series of 7z vivo and in vitro experi-
ments were logically designed and thoroughly exe-
cuted, which led to the demonstration of two new
potential mechanisms of fibrogenesis, namely, throm-
bus- and mechanical force-mediated fibrogenesis.
However, given that every novel study raises questions,
so does this one. Several come to mind. What would
happen in pIVCL mice, when the postoperation
period is extended longer than the current 6 weeks?
Given a relatively mild degree of fibrosis at 6 weeks of
pIVCL, do mice with pIVCL develop fibrosis further,
if they are kept longer? At that time point, would
inflaimmation still not be observed? Would there be
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development of edema or ascites, which is also a fea-
ture of advanced CH?'

Given the development of fibrosis in the pericentral
and sinusoidal areas in CH, it may also be interesting
to examine the involvement of fibroblasts around the
central vein in fibrogenesis. Hemodynamic changes
resulting from hepatic congestion may change local
mechanical forces, which could facilitate activation of
pericentral fibroblasts, as well as HSCs, to profibrotic
myofibroblasts” and thereby contribute to ECM depo-
sition. Furthermore, given that liver sinusoidal endo-
thelial cells (LSECs) are exposed to hemodynamic
changes directly,'” they may also have a role in this
process. In general, the effects of hemodynamic
changes and related local mechanical changes on fibro-
genesis are not well understood. The pIVCL model
will be a good tool for studies in this area.

There may also be an involvement of nitric oxide
(NO) in CH. Sinusoidal stretch resulting from hepatic
congestion may disturb LSEC function. A major fea-
ture of EC dysfunction is diminished NO produc-
tion.'" EC-derived NO inhibits platelet aggregation,
thereby inhibiting thrombosis.'* Diminished NO may
contribute to increased thrombus formation in CH.
Given the vascular aspects of congenic hepatopathy,
the role of NO in this disease would be an area war-
ranting additional investigation.

This study again raises important questions of
whether or not anticoagulant therapy has a role in
patients with liver fibrosis/cirrhosis as well as in those
patients with hepatic congestion. The clotting aspect of
fibrosis/cirrhosis has been suggested. Besides the present
study, one study reported on the efficacy of warfarin in
prevention of hepatic fibrogenesis in mice exposed to
carbon tetrachloride (CCly)."® Another study reported
that a low-molecular-weight heparin (LMWH) reduced
fibrogenesis in rats with CCly treatment.'* Moreover,
efficacy of enoxaparin, an LMWH, was shown for
hepatic decompensation, as well as the treatment and
prevention of portal vein thrombosis, in patients with
advanced cirrhosis. "

All these and other questions may be answered, in
part, with studies using this pIVCL model. The pIVCL
model will be beneficial for understanding the patho-
genesis and -physiology of CH as well as other similar
diseases, such as veno-occlusive disease and Budd-Chiari
syndrome, and thus for developing therapeutic strategies
for these diseases. This model will also be useful
for understanding the effects of hemodynamic changes in
the hepatic circulation on liver pathophysiology in
general, which also has significant implications in the
liver-heart axis, a well-recognized, but underexplored,
interaction.
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Introduction

A Roux-en Y anastomosis fashioned from the jejunum

 perihilarcholangiocarcinoma.

Abstract

A Roux-en-Y anastomosis fashioned from the jejunum (i.e.,
hepaticojejunostomy) is usually used to reconstruct the biliary system in
hepatectomy. Inthis study, we review our experience with hepaticoduodenostomy
(HD) as an alternative to Roux-en-Y biliary anastomosis in patients undergoing
hepatectomy for perihilarcholangiocarcinoma, report our preliminary findings in
2 patients, and speculate on future applications. Laparotomy was performed
using a Kent retractor. Wide kocherization of the duodenum was done to
provide a tension-free anastomosis to the hepatic duct. The Kent retractor
was released ftransiently, and the anastomosis was confirmed to be free of
tension. Hepatectomy and excision of the common bile duct were performed. In
patients with short distances between the hepatic ducts, a hepaticoplasty was
performed. A 10-Fr silicon drain with channels along the sides, approximately
20 mm in length, was used as an internal stent. HD was performed with a
single-layer anastomosis with continuous sutures. No complication occurred
after HD. Our initial experience suggests that HD may be a viable alternative
to Roux-en-Y biliary anastomosis in patients undergoing hepatectomy for

Keywords: Hepaticoduodenostomy; Hepatectomy;
Perihilarcholangiocarcinoma

(Figure 1). Drip infusion cholangiography revealed only the right
anterior intrahepatic duct and stenosis at the hepatic hilum (Figure
2). Perihilarcholangiocarcinoma was diagnosed.

(i.e..hepaticojejunostomy [HJ]) is usually used to reconstruct
the biliary system in patients undergoing hepatectomy for
perihilarcholangiocarcinoma [1]. Recently, reconstruction by
hepaticoduodenostomy  (HD) or choledochoduodenostomy
has been recommended instead of reconstruction by HJ or
choledochojejunostomy [2-14]. Complications such as biliary

Surgical procedures

Laparotomy was performed using a Kent retractor. Severe
adhesions of the jejunum were detected, precluding the use of a Roux-
en-Y anastomosis fashioned from the jejunum. After kocherization of
the duodenum to provide a tension-free anastomosis to the hepatic

leakage and cholangitis are well documented after HJ and
choledochojejunostomy [15-19]. Moreover, the biliary tree is
difficult to access endoscopically in patients undergoing enteric
reconstruction using a Roux-en-Y anastomosis to the jejunum [20].
HD offers the possible advantage of simple postoperative access to the
biliary system by endoscopy and avoids the complications associated
with HJ [2].

In this study, we review our experience with HD as an alternative
to Roux-en-Y biliary anastomosis in patients undergoing hepatectomy
for perihilarcholangiocarcinoma, report our preliminary findings in 2
patients, and speculate on future applications.

Case 1

A 74-year-old woman was admitted because of a dilated
left intrahepatic bile duct. Previously, she had undergone a right
colectomy because of colonic carcinoma. However, minor leakage of
the anastomosis occurred, and reoperation (drainage) was performed.
After that, ileus developed and reoperation was done again.
Computed tomography revealed dilatation of the left intrahepatic
bile duct and mild dilatation of the right posterior intrahepatic duct

Figure 1: Computed tomography revealed dilatation of the left intrahepatic
. bile duct and mild dilatation of the right posterior intrahepatic duct.
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Figure 2: Drip infusion cholangiography revealed only the right anterior
_intrahepatic duct and stenosis at the hepatic hilum.

duct, an extended left hepatectomy with excision of the common
bile duct and lymph-node dissection was performed. Intraoperative
pathological examinations revealed that the stumps of the right
intrahepatic bile ducts were negative for carcinoma. There were
triple lumens of the right anterior bile ducts and double lumens of
the right posterior bile ducts. Hepaticoplasty (i.e., the adjacent walls
of the hepatic ducts were sutured together with single stitches using
6-0 polydioxane [PDS, Ethicon, NJ, USA] to obtain a single lumen
for biliary anastomosis) was performed to make double lumens of
the right anterior bile ducts and a single lumen of the right posterior
bile duct. Unexpectedly, the duodenum was distant from the hepatic
ducts. To provide a tension-free anastomosis, wide kocherization of
the duodenum was performed again, and the right gastroepiploic
artery and vein were cut. The Kent retractor was released transiently,
and the anastomosis was confirmed to be tension-free. As an internal
stent, a 10-Fr silicon drain with channels along the sides (BLAKE
Silicone Drain, Ethicon, NJ, USA),approximately 20 mm in length,
was used [21]. Before completing suture of the posterior row, the

stent was inserted into each lumen. Five stents were placed within the
hepatic duct and duodenal lumen to serve as the internal stents for the
anastomosis. The stent was fixed to the anterior row of stitches with
5-0 polydioxane sutures. Three anastomoses of the intrahepaticbile
ducts to the duodenum were established by means of a single-layer
anastomosis with continuous sutures (5-0 polydioxane) (Figure 3).
Fixation of the greater omentum to the peritoneum was not necessary
to prevent delayed gastric emptying [22,23] because the stomach
could not come in contact with the cut surface of the liver, a potential
cause of adhesion.

The postoperative course was uneventful, and the patient
was discharged on postoperative day 12. After discharge, upper
gastrointestinal endoscopy revealed no duodeno gastric bile reflux.

Case 2

A 76-year-old man with dilatation of the left intrahepatic duct
was admitted. Previously, he had undergone a distal gastrectomy
(BillrothII reconstruction) because of gastric carcinoma. Computed
tomography and magnetic resonance cholangiopancreatography
revealed the dilated left intrahepatic bile duct (Figure 4,5).
Perihilarcholangiocarcinoma was diagnosed.

Surgical procedures

Laparotomy was performed using a Kent retractor. Adhesions
of the jejunum were detected. Wide kocherization of the duodenal
stump was performed to provide a tension-free anastomosis. The
Kent retractor was released transiently, and the anastomosis was
confirmed to be free of tension. An extended left hepatectomy with
excision of the common bile duct and lymph-node dissection was
performed. Intraoperative pathological examinations revealed that
the stump of the right hepatic duct was negative for carcinoma.
Because the right hepatic duct had a single lumen, hepaticoplasty was
unnecessary. HD was performed using a single-layer anastomosis
with continuous sutures (5-0 polydioxane). After completing suture
of the posterior row, the stent was inserted into the hepatic duct. As
internal stents, 10-Fr silicon drains with channels along the sides,
approximately 20 mm in length, were used. The stent was fixed to the
anterior row of stitches with 5-0 polydioxane sutures. Anastomosis
of the right hepatic duct to the duodenal stump was established

by means of a single-layer anastomosis with continuous sutures(b).

Figure 3: Before completing suture of the posterior row, the stent was inserted into each lumen. Five stents were placed within the hepatic duct and duodenal
lumen to serve as the internal stents for the anastomosis. The stent was fixed to the anterior row of stitches with 5-0 polydioxane sutures. MHV: middle hepatic
vein, IVC: inferior vena cava, PV: portal vein, RHA: right hepatic artery (a). Three anastomoses of the intrahepaticbile ducts to the duodenum were established
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