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The CD8/CD4 ratio is said to be higher in the liver than
in peripheral blood, and French and co-workers [66] demon-
strated that CD4+ cells are predominant in zone 3 and CD8+
cells are predominant in zone 1, although both cells are seen
in the portal area. MHC class I expression correlates with lev-
els of portal inflammation and interface hepatitis, and MHC
class II expression correlates with hepatocyte necrosis and
appearance of Mallory bodies. CD29, CD45 RA, and CD45
RO, which are important for recognition of allo antigens or for
adhesion, are highly expressed in the necrotic area and/or in
Mallory-positive liver. These findings indicate that cytotoxic
T cells {CTLs) are important to the progression of alcoholic
hepatitis as well as to the progression of viral hepatitis.

Fas-Fas-ligand (FasL)-mediated CTL and TNF- play im-
portant roles in chronic hepatitis C virus (HCV) infection
[67), and alcohol abuse may exaggerate the cytotoxic pro-
cess [68] because alcohol increases Fas/Fas-L expression
[69,70]. Expression of another important cytotoxic mediator,
perforin-granzyme, requires MHC class I expression, and al-
cohol intake increases its expression, suggesting that alcohol
drinking increases CD8+ T cell-mediated cytotoxicity in the
liver [71].

5. Rele of antibody-dependent cell-mediated
cytotoxicity

Antibody-dependent cell-mediated cytotoxicity (ADCC)
is thought to be involved in the liver damage in alcoholic
hepatitis. Autoantibodies against CYP3A4 and CYP2E! are
found in 20-30% and 10-20%, respectively, of healthy in-
dividuals [72], and the titers of these autoantibodies in the
‘Tsukamoto-French model rise to two- to three-fold above
the control level 1 month after the start of feeding and
they correlate with levels of liver damage. Administration of
chlormethiazole, an inhibitor of CYP2EL, reduced CYP2E1
activity as well as the autoantibody titers [73]. A simi-
lar phenomenon has also been observed in regard to other
autoantibodies, such as anti-hydroxyethyl adduct and anti-
malondialdchyde adduct, in both animal models and humans
[74). These adducts are produced during oxidation of ethanol
by CYP2EIL. Accumulation of the autoantibodies to these
adducts is observed on hepatocyte membranes by confocal
microscopy {75), suggesting that the ADCC mechanism may
operate in alcoholic hepatitis [66,76]. Vidali et al. [77] re-
cently reported that polymorphism in the exon 1 of CTL anti-
gen (CTLA)-4 gene induces disregulation of T-cell prolifera-
tion, leading to production of autoantibody against CYP2E]1.

6. Role of monveytes

The peripheral blood monocytes of alcoholic hepatitis pa-
tients produce more TNF-at, both in the presence and ab-
sence of stimulation by LPS, than those of healthy controls
[31], and TNF receptor expression is increased [30]. The
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expression levels are always correlated with progression to
liver cirrhosis, and the same phenomenon is observed in re-
gard IL-6 production. The production levels and serum lev-
els of MCP-1 and MIP-1 are significantly higher in alcoholic
hepatitis patients than in healthy controls [42,78]. A recent
study demonstrated that acute alcoholic stimulation inhibits
cytokine production from monocytes, but chronic stimula-
tion up-regulates production of cytokines and reactive oxy-
gen from monocytes [79], suggesting that pathophysiological
mechanisms are different between acute injury and chronic
injury. Thus, inhibition of monocyte activation is now going
to be the target of the treatment of alcoholic hepatitis in the
future,

Chronic ethano! administration to rats for 6-8 weeks
makes hepatocytes more susceptible to injury by TNF-a
[80], and the mechanism of the change in susceptibility is
attributable to a change in the membrane permeability of
mitochondria [81]. Recent studies have shown that liver in-
jury always correlates with genomic polymorphisms of man-
ganese superoxide dismutase {82], while a negative report
appeared after then. Further studies are needed in regard to
this matter [83].

7. Conclusion

We have reviewed the immunological aspects of alcoholic
hepatitis. Although many factors such as hypoxia have been
implicated to have a significant role in the pathogenesis of
alcoholic liver disease [84], immunologic factors seem to be
still important for making its individual difference. The ma-
jor reason why the precise immunological mechanism has
not been understood in the pathogenesis of alcoholic hepati-
tis is a lack of adequatc animal models, the same as in viral
hepatitis. Integration of human investigations and accumu-
lated information from various animal models wilt gradually
clarify the immunological mechanisms of alcoholic hepatitis
in the future.
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Abstract

Patients with chronic liver disease need information on the disease to keep their good quality of life. Educational class on liver disease is
one of solutions for that. We have started the ¢lass in 1992, and continued to run it once per month. Exchange of information among patients at
group work is also helpful to relief their anxiety related to their discase. Many hospitals are now preparing to establish such classes in Japan.
Th this article, we present tips on providing information to patients with chronic liver diseases and advice on ¢lass management.

© 2004 Elsevier B.V. All rights reserved.

1. Introduction

Patients with chronic liver diseases require detailed infor-
mation on the various aspects of their disease [1]. For exam-
ple, the recent media focus on hepatitis C virus assoctated
with contaminated blood products has led to patients with
hepatitis C virus infection becoming anxious about their fu-
ture. Because they are also worried that the viruses will infect
their family and other pcople, they should be provided with
education about prophylaxis [2}. Various new pharmaceuti-
cals, such as interferon and other antiviral agents, have been
developed and placed on the market, but their severe side
effects are also reported in the media, leading to confusion
about the new pharmaceuticals [3]. Because hepatic cancer
may develop during their clinical cousse, patients also suffer
from cancer-related anxiety. Once cancer develops, the im-
portance of information provision increases when patients are
informed the name of their diseases and when the therapeutic
regimen is selected. Various techniques have been developed
for treating esophageal varices and liver cancer, which are
common complications of liver cirrhosis, and patients need
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fax: ‘+81 33343 6247.
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to be involved in the selection of therapeutic regimens. When .
the cancer advances, palliative treatment is required, and care
for patients’ families also becomes important [ 1].

The importance of rest and 2 high protein diet for pa- '
tients with chronic liver diseases was overemphasized for
many years in Japan, which led some patients to pay too
much attention to resting, and others to suffer from hepatic
encephalopathy due to an excessive intake of high protein
foods. Furthermore, obesity is recently reported to be a risk
factor for the development of liver diseases, such as fibrosis -
and cancer [4-14]. In order to educate about a truly balanced -
lifestyle, we should work to overtun common mispercep- |
tions held by the patienis. .

Although information provision to patients is difficult, pa-
tients require appropriate and comprehensive information on
chronic liver diseases. Falvo [15] stated that *patient educa-
tion-is a right of patients and a duty of medical staff.” How-
ever, in Japan, many patients are at a loss what to do due to
insufficient information from medical staff.

Tn order to respond to these patient demands, we started an
educational class on liver diseases in 1992, and continug to
run this class once per month. This class has been improved .
so that, information is not only unilaterally provided from
doctors and nutritionists, but is also exchanged and shared
among the patients. In recent years in Japan. hepatologists
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In operation Preparation Interested Total Facilities certified Educational factlities
underway by the Association certified by the Associalion

of Gastroenterology of Internal Medicine
Hokkaido 3 ! 26 30 39 42
Tohoku 3 2 25 30 43 61
Kanto/Shin-ctsu 7 ! 11 19 33 126
Tokyo 5 2 19 26 &7 67
Yokohama 3 2 10 15 34 kL]
Tokai 3 1 2 6 84 110
Kyoto/Holkuriku 5 1 8 14 42 62
Osaka 9 5 37 51 o1 115
Chugokua 6 2 32 40 52 56
Shikoku 6 4 6 16 24 39
Kyushu 14 4 11 29 54 75
“Total 64 25 188 271 613 il

Bascd on research by the Ajinomoly Pharmaceutical Co. Lid June 2003,

have belatedly realized the necessity of providing education
and information to patients with chronic liver diseases, and
about 10% of postgraduate education hospitals in Japan now
run educational classes on liver diseases (Table 1). Many
hospitals are now preparing to establish such classes. There-
fore, we expect that educational classes on liver diseases will
quickly become common. In this article, we present tips-on
providing information (o patients with chronic liver diseases
and advice on class management.

2, Goals of educational classes on Lliver diseases

The primary goal of educational classes on liver diseases
i§ to improve the quality of life (QOL) of patients with liver
diseases. For patients with HIV infection, the necessity of
mental health support from counselors has been discussed ex-
tensively, but medical staffs rarely recognize that this is also a
necessity for patients with ITCV or HBV infection [16-19]. Tt
hasbeen reported that patients with HCV-related chronic hep-
atitis who were informed of their viral infections had a lower
QOL than patients who were not informed [20]. However,
considering that information disclosure and transparency are
presently required, it is unacceptable not to inform patients of
their HCV infections. Therefore, the issue is how to provide
information without decreasing QOL. Providing information
in an appropriate way may help the patients to lead happier,
more active lives.

3. Preparations for opening classes

Firstly, a room is bocked for class, and posters are dis-
played on the wall of the aut-patient clinic in order to inform
patients of the class opening. We display posters on the wall
of our out-patient clinic to inform patients about our monthly
class, which is open-access for patients. We have 30-50 pa-
tients a month in our class. The number of patients who are
starved of information is larger than we think, We also request
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that doctors in other departments, such as general surgery and
radiology, participate in lectures on liver diseases, which are
held once or twice per year. When we broadly announce these
lectures using large posters, more than 200 people want to at-
tend, which is over the capacity of the hall. Therefore, we
use 4 pre-registration system for these lectures. When an ed-
ucational class is opened for the first time, one option is to
adopt a pre-registration system, taking into consideration the
preparation of documents and the size of the classroom.

The speech content is summarized using presentation soft- -
ware (PowerPoint) [1], and slide content is printed out and
given to patients as handouts. Recently, many patients are dis-
appointed or complain if handouts are not prepared. There-
fore, it is advisable to prepare handouts, even though the
actual information content may only be an overview.

4. Frequency and duration of classes and detailed
content

We run classes once per month and repeat four themes.
Classes are held on Saturday mornings, because it is easy
for patients to attend. Each class lasts approximately 2 h, and
we give a lecture of 45 min—| h, including the question pe-
riod. After the lecture, there is a question-and-answer session
(30 min) and a group work session (30 min).

The four themes picked up in classes are (1) lifestyle pre-
cantions for patients with liver diseases, (2) what liver ex-
aminations are checking for, (3) chronic hepatitis; interferon
therapy and antivirus therapy, and (4) complications of liver
cirrhosis and their treatments. If there are too many themes,
patients will hesitate in attending, and medical staff will also
acquire the added burden of extra preparation time. There-
fore, we limit the themes to four and repeat the same themes,
and gradually add new content in each class. When the same
theme is repeated every four classes, even if patients have
not been able to attend for | month, they are able te attend
class which deals with the same theme after just threc mote
classes.
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Some consider that classifying patients by clinical stage
or by cause of liver diseases is efficient for class manage-
ment. However, we aim to operate & class management sys-
tem that allows patients at all clinical stages of liver diseases
to participate and encourage each other. Therefore, we do
not specifically target the patients for classes. In fact, at our
classes, we sometimes observe patients ‘with liver ciithosis
encouraging patients with chronic hepatitis. It is better to re-
quest nutritionists and nurses to join classes, because many
of them are itterested in patient education. In the Japanese
medical system, we can claim health care costs as group nu-
tritional guidance when nutritionists join. We consider that
this kind of patient education should eventually be provided
by nutritionists and nurses. However, to comtirue these pa-
tient classes in Japan, physicians should first understand their
significance.

In Japan, many doctors still emphasize the importance
for patients to rest. However, patients with chronic diseases
require information about how much exercise they can do
without problems, instead of how much rest they should take
[21-23]. We attempted to give exercise guidance to patients
with chronic hepatitis or liver cirrhosis, and found that they
were ableto do aerobic exercise without causing deterforation
of their liver and nervous functions. When exercise intensity
is within 60% of its maximum, exercise does not increase
blood ammeonia Ievels. In terms of ammonia metabolism and
sugar metabolism, muscles work similarly in the liver and
may compensate for hepatic dysfunction. Therefore, in order
to maintain muscle mass, it is important to actively instruct
patients to do some exercise, rather than to rest for long-
periods of time or throughout their life.

5. Provision of information among patients: gronp
work

When there are not too many participants (around 20
patients), active participation may be encouraged by the
question-and-answer session alone. However, if the number

s Infgrmation e
. exchange between O
patients

* Ses oneself in

* Sympathy and
encouragemem

O™

Table 2
What is group work?

Tis objective is to utilize information exchange between patients, and not to
provide information solely from doctors to the patients

In most cases, the information provided to patients from other patients is
more beneficial than the information provided by doctors
Discussion of experiences, inchuding tiose regarding liver biopsies, TAE,
PEIT and RF
How to deal with such prohlems as leg cramps, lethargy, fatigue, or
depression

Patients can see the prospects for the fiture course of their illness by
abserving other patients
Patients with chronic hepatitis will understand the circumstances of the
daily lite of patients with cirrhosis or HCC

Docters will give advice o the patients when needed

of participants is larger than this, many patients are discour-
aged from active participation, such as asking questions and
presenting their opinions. Therefore, we make groups of ap-
proximately five patients and let them actively exchange their
opinions in these smaller groups. Group work allows patients
to talk about their clinical conditions, examinations, thera-
pies, problems that they have and their strategies for dealing
with such problems with other patients (Table 2). The per-
spective on information that is exchanged among patients is
different from that provided by doctors, the former informa-
tion being more familiar and authentic for patients. In fact,

" during group work, patients become more active than we

had anticipated and confer about a wide range of issues in a
positive mannet, In these groups, patients discuss issues that
they do not usually talk about with doctors. Many people
are concerned that group wotk does not work well in small
communities or in rural areas, because there may be many
acquaintances in a group. However, the medical staff from
an institution in a rural area, who had visited our institution,
attempted group work and also reported that it worked well.

At the start of group work, we always explain the rules
and present examples of topics (Fig. |). For this, we present

=

Fig. 1. Group work format. Information exchange between patients. Sce oneself in others. Sympathy and encouragemeri.
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Tahle 3
Group work rules

—

. Discuss your problem with, and how you are bothesed by, having liver

disease

Give priority to patients with the greatest need for discussion, or to new

patients

The discussion with cach paticnt will Jast from 3—5 min

Start with a shorf introduction. You do not have to give ynur real name;

an assumed name or nickname will be fine

. Your opinton is for reference purposes nnly. Do not ty to pash your
opinion on others

- Raise your hand and ask to be recognized when you want to ask for the
opinion of a doctor or medical personmel

2.

3.

el

wn

the slide shown in Table 3. Attention should be paid not to
let discussion place disproportionate weight on one topic,
such as folk remedies or the soliciting of patients to join
particular religious groups. It is better to mix patients, who
have experienced group work several times with patients who
have never experienced it. When group discussion is not so
active, medical staff needs to help (e.g. by providing a topic
that wotks as a trigger for discussion).

6. Collecting fees and countermeasures agaﬁnst costs,
including the cost of lectures

At present, our classes are free. We expect that the day
will soon come when the necessity of providing education
to patients with chronic liver diseases is understood, and
when we can claim the medical expense for this education
as a health care cost. At present, as previously mentioned,
when nutritionists join, costs can be claimed as group nu-
tritional guidance. Additionally, another option is that par-
ticipation in classes is defined as self-motivating instead of
compulsory, and that patients pay for the cost of the roor and
documents.

7. Problems that are frequently faced in class
management, and tps for continuing classes
long-term

The ultimate goal of these educational classes is to
improve the QOL of patients. When medical staff speak to
patients in an authoritative manner or preach to them, fewer
patients want to continue attending classes, so improvement
of their QOL cannot be achieved. In order for classes to
continue for a long-time, the term ‘empowerment’ should be
deeply understood by med staffs [14], and in class manage-
ment, we should always consider how to make the lives of pa-
tients with chronic diseases meaningful and satisfying, When
too many medical staffs are involved in classes, it is difficult
to achieve inproved efficiency and simplified heaith care
(which is also a goal of opening classes), and it also becomes
difficult to contite classes from a financial perspective,

S. Karo, H. Ishii / Hepatology Research 305 (2004) 579-583

8. Conclusion

Starting educational classes on liver diseases is not as dif-
ficult as it seerms. When the opportunity arises, it would be
a good idea to open classes because of the multiple benefits
they bring. Once you open a class, you will encounter prob-
lems and will be able to use your experiences to improve
future classes. These educational classes will be beneficial
and able to contintie ‘successfully if patients can become lass
anxious.about their diseases and feel even a slight sense of
relief by the end of each class.

References

[11 Kato 8. Advicc on opening cducational classes on liver discases: zim
for a new relationship between doctors and patients. Osaka: Medical
Review Co., Lid; 2002 (in Fapanese),

[2] Arguedas MR, Fallon MB. Prevention in liver direase, Am J Med
Sci 2001;321({2):145-51.

[3] Astone 1, Strauss SM, Vassilev ZP, et al. Provision of hepatitis C
education in a pationwide sample of drmg treatment programs, J
Drug Educ 2003;33(1):107-17.

[4] Hickman 1J, Clouston AD, Macdonald GA, et al. Effect of weight
reduction on liver histology and bivchamistry in patients with chronie
hepatitis . Gut 2002;51(1):89-94.

{5} Ortiz ¥, Berenguer M, Rayon JM, et al. Contribution of gbe-
sity to hepatitis C-related fibrosis progression. Am J Gastroenterol
2002;97(9).2408-14,

[6] Nair S, Masen . A, Eason I, et al. Is obesity an independent
tisk factor for hepatoceltular carcinoma in cirthosis. Hepatology

v 2002;36(1):150-5. -

145

{7 Friedonberg F, Pungpapnug §, Zaed N. The impact of diahetes and
obesity on liver histology in patients with hepatitis C. Diabetes Obes
Motab 2003;5(3):L 50-5. ]

[8] Bressler BL, Guindi M, Tomlinson G, et al. High body mass index
is an independent risk factor for nonresponse to antiviral treatment
‘in chronic hepatitis C.. Hepatalogy 2003;38(3):639—44.

(9] Hickman 1J, Jonsson IR, Prins IB, et al. Modest weight loss and
physical activity in overweight patients with chronic liver disease
results in sustained improvements in alanine aminotransferase, fast-
ing insulin, end quality of life. Gut 2004;53(3):413-9.

[10] Hu KQ, Kyulo NL, Esrailian B, et al. Overweight and obesity, hep-
dlic slealosis, and progression ol chronie hepalitis C: a retruspective
study on a large cohort of patients in the United States. T Hepatol
2004;40(1):147-54.

[11] Ratziu V, Trabut JB, Poynard T, Fat, diabetes, and liver injury in
chronic hepatis C. Curr Gastroenterel Rep 2004;6(1):22-9.

[12] Regimbeau JM, Colombat M, Mognal T, et al. Obesity and diabetes

" as a risk factor for hepatocellular carcinoma. Liver Transpl 2004;10(2
Suppl 1):569--73,

[13] Zevwzem S. Heterogenenus virolngic response rates to interferen-
based therapy in patienis with chronic hepatitis C: whe responds
less well. Ann Intern Med 2004;140(5):376-81.

{14] Anderson ‘B, Funnell M, Anderson RM. The art of empow-
crment: stories and strategies for diabetes cducators, McGraw-
Hill/Contemporary Books; 2001.

115] Falve DR, Falvo Efeclive patients education. A guils yo incressed
compliande. Maryland: Aspen Publisher; 1985.

[16] Clwk CU, Ghalib RM. Hepuiitis C: rele of (he advenced praclice
aursc. AACN Clin [ssucs 1999;10{4):455-63.

t17] Zweben JE. Hepatitis C: education and counseling issues. T Addict
Dis 2001;20(1):33-42.



S. Kato, H. Ishii / Hepatology Research 308 (2004) 879583

[18] Teague W, Hepworth J, Krug G. Support for patients with hepatitis
C: an exploratory gualitative study of medical specialists’ percep-
tjons. Aust N Z T Public Health 1899;23(2):201-3.

[19] Chong CA, Gulamhussein A, Heathcote FJ, et al. Healtk-state util-
ities and quality of life in hepatitis C patients. Am ] Gastroenterol
2003;98(3):630-8.

[20] Rodger Al, Tolley D, Thompson SC, et al. The impact of diagnosis of
hepatitis € virus on quality of life. Hcpa{ology 1999;30(5):1299-301.

146

583

[21] Harrington DW., Viral hepatitis and exercise. Med Sci Sports Exertc
2000;32(7 Suppl):8422-30.

122} Murtin Escudetv P. Prescribing exervise for hepatitis. Rev Esp En-
ferm Dig 2002;94(3):149-58. :

{231 Kato S, Ohinishi 8, Yamazaki H, et al. Chapter 29 Skeletal muscle
in liver discasc. In: Preedy V, Peters T, editors, Skeletal muscle:
pathology diagnosis and management of disease. Greenwich Medical

© Media; 2002. :



Joumal of Gastroenterology and Hepatology (2004) 19, 1155-1162 DOI 10.1111/.1400-1746.2004.03408.x

HEPATOLOGY

Kupffer cell depletion attenuates superoxide anion release into the
hepatic sinusoids after lipopolysaccharide treatment

MASAHIKO FUKUDA, HIROKAZU YOKQYAMA, TAKESHI MIZUKAMI, HIDEKI OHGO,
YUKISHIGE OKAMURA, YOSHITAKA KAMEGAYA, YOSHINORI HORIE, SHINZO KATO
: AND HIROMASA ISHII :

Department of Internal Medicine, School of Medicine, Keio University, Yapan

Abstract

Background and Aine: The mechanisms involved in the beneficial effect of gadolinium chloride
against endotoxin-induced liver damage were studied.

Methods: Superoxide anions released into the hepatic sinusoids were examined in a liver perfusion
model using the cytochrome C methed.

Results: Gadolinium chloride treatment fully depleted ED2-positive cells from the liver and signifi-
cantly artenuated superoxide anion release after a lipopolysaccharide or tumor necrosis factor-. ({TNE-
&) challenge. Moreover, gadolinium chloride treatment resulted in a significant decline in endothelial
cell damage in the hepatic sinusoids as assessed by the purine nucleoside phosphorylase/glutamic—pyru-
vic transaminase ratio in the liver perfusate. Although gadolinium chloride treatment did not affect the
level of serum TNF-o, it significantly reduced that of interleukin (IL)-8 and neutrophil migration in the
hepatic sinusoids after the lipopolysaccharide challenge.

Conclusion: These data suggest that a reduction of the superoxide anion level in the hepatic sinusoids
in acute endotoxemia and subsequent reduction of neutrophil migration into the liver may indicate that

gadolinium chloride treatment suppresses the progression of liver damage in acute endotoxemia,

© 2004 Blackwell Publishing Asia Pty Ltd

Key words: free radical, GdCls;, Kupffer cell, macrophages, neutrophils.

INTRODUCTION

Endotoxin from intestinal bacteria reaches the liver via
the portal vein.! The endotoxin is mainly eliminated by
Kupffer cells, the resident macrophages of the liver.
Excessive endotoxin, however, can cause liver injury,®?
and there are numerous lines of evidence indicating that
Kupffer cells play a cenrral role in the progression of
endotoxin-dependent liver injury.* The recently prevail-
ing view is that treatment with gadolinium chloride
‘attenuates the progression of endotoxin-related liver
damage via inactivation of Kupffer cells.>® However, the
exact mechanisms.behind this phenomenon are, so far,
unclear. '
Bautista and Spirzer demonstrated that treatment
with lipopolysaccharide (LPS), the main component of
endotoxin, results in superoxide anion release into the

hepatic sinusoids.” They also showed that tumor necro-
- sis factor-o (TNF-a) plays a crucial role in the super-
oxide anion formation.? We were able to confirm these
results, and our preliminary data indicated that super-
oxide anion release into the hepatic sinusoids might
cause damage to hepatic sinusoidal endothelial cells.®
Moreover, Bautista and Spitzer used cultured cells to
show that superoxide anions are mainly released from
Kupffer cells, whereas the participation of endothelial
cells and hepatocytes was minimal, at least after phor-
bolmyristate ether treatment.” Thus, it is conceivable -
that Kupffer cell depletion diminishes superoxide anion
level in the hepatic sinusoids in acute endotoxemia and

¢ subsequent neutrophil migration into the liver. This

' supports the reported finding that gadolinium chloride
treatment suppresses the progression of liver damage
caused by acute endaroxemia,
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METHODS
Experimental animals and treatments

Male Wistar rats, weighing 250-300 g, were used in the
experiments. All animals received humane care includ-
ing anesthetic, in compliance with the Guidelines for
the Care and Use of Laboratory Animals of ICeio Uni-
versity School of Medicine (Tokyo, Japan). To deplete
Kupffer cells, gadolinium chloride (Sigma Chemical,
St.Louis, MO, USA), at 10 mg/kg bodyweight, was
injected intravenously from the rtail vein twice, 24 h
apart.’! Another group of rats received an equal volume
of saline (the non-depleted rats). Twelve hours after the
second injection, LPS (from Escherichia coli serotype
0111-B4: Sigma Chemical) at 2 mg/kg bodyweight dis-
solved in saline was injected intravenously into the
Kupffer celi-depleted and non-depleted rats. An equal
volume of saline without LPS was given to the control
group of both the Kupffer cell-depleted and non-
depleted rats. In a separate experiment, TNF-o at
5000 U/kg bodyweight was infused continuocusly for 2 h
into the portal vein of both the Kupffer cell-depleted
and non-depleted rats,

Detection of superoxide anions released into
the hepatic sinusotds

Superoxide anion release into the hepatic sinusoids was
measured according to the method by Bautista et af,
with some modification.® After the LPS or saline admin-
istration, the portal vein was cannulated with an 18 G
Teflon catheter, and the liver was perfused with Hanks’
balanced salt solution (HBSS, Gibco BRL, Grand
Island, NY, USA) at a rate of 2-3 mL/min per g wet
liver. After the blood had been fully removed from the
liver, the infusion solution was changed to HBSS con-
taining 50 pmol/L oxidized cytochrome C (Wako Pure
Chemical Industries, Tokyo, Japan, solution A). The
perfusate was coliected from the inferior vena cava every
2 min for 16—20 min, and the absorbance of each sam-
ple was measured at 550 nm'? with a spectrophotome-
ter (MPS8-2000, Shimadzu, Kyoto, Japan). In each
series, the difference between the absorbance of solu-
tion A and the highest absorbance among the samples
was expressed as AABS. This reflects the formation of
the reduced form of cytochrome C converted {rom the
oxidized form in the presence of superoxide anions, and
represents the amount of superoxide anions released
inte the hepatic sinusoids.” The superoxide anion level
was examined in rats prepared 5min, 1 h, 3h, 12 h,
and 24 h after the LPS treatment.

Population of Kupffer cells and hepatic
“macrophages in the liver spccimens

‘Three hours after the LPS challenge, liver samples were
obtained from each group and embedded in OCT
compound (Tissue-Trek; Sakura Fine Technical Tokyo,
Japan). Frozen sections {6 Lm) were prepared with a

148

M Fukuda et al.

cryostat (Tissue~Trek). Immunochistochemical analysis
was performed with a monoclonal antibody to rat mac-
rophages (Marl; Seikagaku, Tokyo, Japan)'? or an ED 2
antibody, which specifically recognizes Kupffer cells
(Scikagaku)."* The immune reaction was visualized
with a peroxidase-labeled affinity purified antibody to
mouse [gG (H + L) adsorbed with rat serum (Kirkeg-
aard & Perry Laboratory, Gaithersburg, MD, USA)
and 3,%-diaminobenzidine tetrahydrochloride (Sigma).
The number of positive cells per high-power field
(x400) was determined by light microscopy. We pre-
pared five specimens in each group and cells were
counted in five high-power fields chosen at random in
each specimen, '

_ Neutrophil population in the liver specimens

Liver samples were obtained from each group, fixed
with 10% formaldehyde, and embedded in paraffin,
Thin sections (3 pm) were prepared and stained with
hematoxylin and eosin (H&E). The number of neutro-
phils per high-power field (x1000) was determined by
light microscopy. The cell population was examined as
aforementioned in rats prepared 5min, 1 h, 3 h, 12 h,
and 24 h after the LPS treaiment.

Levels of TNF-¢g~and interleukin-8 in the
portal vein

A blood sample was collected from the inferior vena
cava of each animal 5 min, 1 h, 3 h, 12 h, and 24 h after
the LPS or saline treatment, Time-courses of the TNF-
o and interleukin (IL)-8 levels were measured in the
sera with ELISA kits (Rat TN-Fo immunoassay; Techne
Corporation, Minneapolis, MN, USA; and Rat IL-8
measuring  kit, Immuno-Biological Laboratories,
Gunma, Japan).

Purine nucleoside phosphorylase activity/
glutamic-pyruvic transaminase activity ratio
in liver perfusate

To evaluate the endothelial cell damage in the hepatic
sinusoids, the purine nucleoside phosphorylase (PNPY/
glutamic—pyruvic transaminase (GPT) ratio” was
determined in the liver perfusate 3 h after the LPS chal-
lenge. The PNP activity was measured by the method
described by Hoffee e al.'® Briefly, 100 pL of the liver
perfusate was incubated with 100 pL. of potassium
phosphate buffer (0.05 mol/L, pH 7.4) containing
0.5 nmol/L of inosine (Wako Pure Chemical Industries)
and 10 pg/mL of xanthine oxidase {from milk, Sigma)
at 37°C. The change in absorbance was measured spec-
trophotometrically at 293 nm. This represents the PNP
activity. The GPT activity in the perfusate was mea-
sured with a kit (Unikitrate GPT, Kanto Kagaku,
Tokyo, Japan).
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Statistical analysis

The data were expressed as means £ SD, Differences
between two groups were assessed by the Student’s -
test. Comparisons among more than three groups were
performed by one-way ANOVA with the Newman—Keu!s
test, The difference was considered significant at
P<0.05.

RESULTS

To verify that Kupffer cells were successfully depleted
from the liver with gadolinium chloride, ED2-posi-
tive cells were immunohistochemically examined in
liver specimens. As shown in Fig.1, ED2-positive
cells were observed at very low numbers in the livers
of rats given gadolinium chloride, even after the LPS
challenge. Gadolinium chioride also significantly
reduced the population of cells positive for antimac-
rophage antibody- (Fig.2) and neutrophils (Fig. 3) in
the liver, although they were not totally depleted. The
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results of the morphometric analysis are summarized
in Table 1. ‘

The superoxide anion level in the hepatic sinusoids
was examined. Absorhance at 550 nm was measured in
the liver petiusare every 2 min and it was found to reach
a maximum plaicau 8=10 min after the start of HBSS
administration containing oxidized cytochrome C
(solution A). This finding has already been published
elsewhere.® The difference between the peak absorbance
and the absorbance of solution A was designated as
AABS. It was significantly higher in the rats given LPS
than in those given saline, When superoxide dismutase
was simultaneously given in the liver perfusate, it was
significantly suppressed and thus, the value of AABS
was concluded to represent the level of superoxide
anion formation in this model.?

In the present study, we could reproduce the phe-
nomenon whereby LPS increased the superoxide anion
release into the hepatic sinusoids. The time-course of
the superoxide anion level in the hepatic sinusoids was
studied up to 24 h after the LPS challenge. Superoxide
anions were not detectable 5 min after the LPS

Figure 1 Effect of gadolinium chloride on the population of ED2-positive cells after lipopolysaccharide (LPS) challenge in the
liver. The population of ED2-positive cells in the liver was immunohistochemically studied. (a) Rats given saline instead of gad-
olinium chloride and saline instead of LPS. (b) Those given gadolinium chloride and saline instead of LPS. {¢) Those given saline
instead of gadolinium chloride and LPS. (d) Those given gadolinium chloride and LPS (immunchistochemistry x20).
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Figure 2 Effect of gadolinium chloride on the population of macrophages after lipopolysaccharide (LPS) challenge in the liver,
The population of macrophages in the liver was immunohistochemically studied with an antibody to macrophage. (a) Rats given
saline instead of gadolinium chloride and saline instead of LPS. (b) Those given gadolinium chloride and saline instead of LPS.
(c) Those given saline instead of gadolinium chloride and LPS. (d) Those given gadolinium chloride and LPS (immunohis-
tochemistry x20).

Table 1 Effect of gadolinium chloride on the populations of ED2-positive cells, macrophages, and neutrophils in the liver3h |
after lipopolysac_:charide (LPS) treatment

LPS + saline

Saline + saline Saline + GdCl, LPS + GdCl,
(n=15) (n=13) n=5) {(n=5)
No. ED2-positive cells 4243 ND 65 £8* ND
No. macrophages 73 %5 25 4% 127 £ 19%% 38 £ 3k*%
No. neutrophils 0.2£0.4 0.2+0.4 6.6 £ 1.5%* 1.4 40 8%4*k*

*P 2 .05 compared with saline + saline; **P < 0.01 compared with saline + saline; ***< 0,01 compared with LPS + saline;
**x% P < 0,01 compared with LPS + saline, ND, not detected.

treatment and the level reached its maximum 3 h after  ied. The TNF-« challenge resulted in superoxide anion

the LPS challenge (Fig. 4). Moreover, the level was sig-
nificantly attenuated in the Kupffer cell-depleted rats
-compared to the non-depleted rarts, although it was still
higher than that in rats given satine plus saline (control)
-3 h after the LPS challenge (Table 2),

Changes in the superoxide anion level in the hepatic
sinusoids after TNF-o, infusion for 2 h were also stud-
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formation. Similarly to the LPS challenge model, gad-
olintum chloride significantly attenuated the superoxide
anion formation after TNF-¢ challenge (Table 3},
although the level was still higher than in controls.

We also previously reported that LPS treatment
increased the PNP/GPT ratio in the liver perfusate, a
marker of damage to sinusoidal epithelial cells in the
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Figure 3 Effect of gadolin-
ium chloride on the popula-
tion of neutrophils after
lipopolysaccharide (LPS) chal-
lenge in the tiver. The popula-
tion of neutrophils in the liver
was studied. (a) Rats given
saline instead of gadolinium
chloride and saline instead of
LPS. (b) Those given gadolin-
ium chloride and saline instead
of LPS. (c) Those given saline
instead of gadolinium chloride
and LPS. (d) Those given gad-
olinium chloride and LPS (HE
»40},
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Table 2 Effect of gadoliniumn chloride on the formation of the superoxide anion that is released into the hepatic sinusoids 3 h

after lipopolysaccharide (LLPS) freatment

: Saline + saline Saline + GdCl, LPS + saline LPS + GdCl;
(n=3) (n=5) (n=26) n=3)
Superoxide anion formation (AABS) 0.12 +0.01 0.12 +0.01 0.25 £ 0.01* 0.17 £0.01%*

*P< 0,01 compared with saline + saline; **P < 0.01 compared with LPS + saline; fP < 0,05 compared with saline + saline,
AABS, difference between the absorbance of the original perfusate and the highest absorbance in the sample perfusate.
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Figure 4 Time-course of the superoxide anion level in the
hepatic sinusoids afrer the lipopolysaccharide (LPS) chal-
lenge. The superoxide anion was not detectable 5 min after the
LFS treatment and the level was mazimal 3 h after the LPS
challenge. (O} GdCl, + LPS; (@) LPS. AABS, highest absor-
bance among the samples. *P<0.01 compared with
GdClL + LPS.
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Table 3 Effect of gadolinium chloride on the formation of
the superoxide anion released into the hepatic sinusoids after .
the tumor necrosis factor {TNF)-o; treatment

TNF-c £ saline TNF-o.+ GdCl,
(n= 4) (n=4
Superoxide anion 0.25 £ 0.01 0.17 £ 0.01*

formation (AABS)

*P < 0.05 compared with TNF-a. * saline. AABS, difference
between the absorbance of the original perfusate and the high-
est absorbance in the sample perfusate,

liver, compared with controls.’ This finding was also
reproducible, and the present results showed thar the
increased PNP/GPT ratio was significantly atrenuated
by gadolinium chloride treatment (Thble 4).

The time-course of the serum TNF-o level in the
inferior vena cava was examined in the Kupffer cell-
depleted and non-depieted rats up to 24 h after the LPS
challenge. The level reached its maximum 1 h after the
LIPS weatment. There was no significant difference in
the TNF- levels between the two groups (Fig. 5).
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Table 4 Effect of gadolinium chloride on the PNP/GPT ratio 3 h after lipopolysaccharide (LPS) treatment

Saline + saline Saline + GdCl, LPS + saline LPS + GdCl,
(=3 (n=5) (n=6) n=3)
PNP/GPT ratio (x10%) 16%5.5 18124 541 2.4* 40 £ 7.0%*

*P < 0.01 compared with saline + saline; ** < 0.01 compared with LPS 1 saline. PNP/GPT, purine nucleoside phosphory-

lase/glutamic—pyruvic transaminase.
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Figure 5 Time-course of the serum tumor necrosis factor
(TNP)-¢ level in the inferior vena cava after the lipopolysac-
charide (LPS) challenge. The level was maximal 1 h afrer the
LPS treatment, There was no significant difference in the
TNF-a levels between the two groups. (O) GdCl, + LPS, (@)
LPS,

The time-course of the neutrophil population after
the LPS chailenge was studied in the Kupffer cell-
depleted rats as well as in the non-depleted rats. The
population peaked 3 h after the LPS challenge in both
groups and was significantly lower in the Kupffer cell-
depleted rats than in the non-depleted rats (Fig. 6).

The time-course of the IL-8 level in the inferior vena
cava was also studied in the both groups. Concomi-
tantly with the neutrophil population in the liver, the
level reached its maximum 3 h afier the LPS challenge
in both groups and was significantly lower in the
Kupffer cell-depleted rats than in the non-depleted rats
(Fig. 1. ‘

DISCUSSION

There are several lines of evidence indicating that gad-
olinium chloride attenuates the progression of endot-
- oxin-related liver damage. The present study aimed 1o
determine the mechanisms behind this. To that end, we
studied oxidative stress in the hepatic sinusoids in acute
endotoxemia and the effect of gadolinium chloride on
it. The oxidative stress was assessed by detection of
superoxide anions in the hepatic sinusoids using the
methods reported by Bautista ez al.
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Figure 6 Time-course of the neutrophil population in the
liver specimens after the lipopolysaccharide {LPS) challenge,
The population was maximal 3 h after LPS challenge in both
groups and was significantly lower in the Kupffer cell-depleted
rats than in the non-depleted rats, (O) GACl, + LPS; (@)
1PS. *P<0.0! compared with GACl; + LPS; **P< (.05
compared with GdCl, + LPS.
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Figure 7 Time-course of the interleukin (IL)-8 level in the
inferior vena cava after the lipopolysaccharide (LPS) chal-
lenge. The level was maximal 3 h after the LPS challenge in
both groups and was significantly lower in the Kupffer cell-
depleted rats than in the non-depleted rats. (O) GdCl, + LPS;
(@) LPS. *P < 0.01 compared with GdCl; + LPS; *P < 0.05
compared with GdCI; + LPS.



Kupffer cell depletion and superoxide

The present time-course study showed that the
superoxide anion level reached its maximum at 3 h after
LPS treatment. This observation agrees with the previ-
ous report by Bautista and Spiwzer.” Moreover, the
time-course of the serum TNF-u level was examined,
because TNE-o has been suggested to be an important
factor in stimulating superoxide anion formation in this
model.? We found that there was a time lag between the
peak level of superoxide anions and.the maximum
serum TNF-o level; the former was 3 h after the LPS
challenge whereas the latter was 1 h. However, in view
of the time required to prime the Kupffer cells, this tithe
lag is not surprising.

Gadolinium  chloride can phagocytically deplete
active Kupffer cells from the l[iver.!' The present immu-
nohistochemical analysis showed that there were few
ED2-positive cells in the hepatic lobules of the gadolin-
ium chloride-treated rats, indicating that Kupffer cell
depletion in the present study was successful. The new
finding in the present study was that gadolinium chlo-
tide treatment significantly reduced superokide anion
release into the hepati¢ sinusoids after the LPS chal-
lenge. This observation is reasonable because gadolin-
fum chloride has been reported to reduce superoxide
anion release after the LPS challenge from isolated liver
macrophages,” which are expected to be the main
sources of superoxide anions in this model."* We assume
that the reduction of superoxide anions in the hepatic
sinusoids may be related to a beneficial effect of gado-
linium chloride against the progression of LPS-induced
liver damage.

In contrast to the level of superoxide anions, there
was no significant difference in that of serum TNF-q,
between the Kupffer cell-depleted rats and non-
depleted rats. Because Kupffer cells are one of the
sources of TNF-a. in vivo, this finding was not convinc-
ing, Iimuro ez al. reported that there was no significant
difference in levels of serum TNF-o between the
Kupffer cell-depleted rats and non-depleted rats,'” and
we could reproduce that observation in the present
study, However, because Kupffer cells are one of the
sources of TNF-ct i1 wiwo, this finding was not convine-
ing. We cannot give a reasonable explanation for this.
The interpretation for this fact by Timuro er al, was that
TNF secretion by liver macrophages would be a small
part of the whole and may not affect the TNF level in
peripheral blood. Having this view, we could only say
that attenuation of the superoxide anion level in the
gadolinium chloride-treated rats is at least due to a
decrease in the number (or function) of superoxide
anion sources, This view is supported by the present
observation that the superoxide anion leve] was attenu-
ated in the gadolinium chloride-treated rats compared
to the non-depleted rats after equal doses of TNF were
challenged. '

It s well known that neutrophils are responsible for
the deterioration of various liver injuries including that
caused by LIPS, Therefore, we cxamined the time-
courses of the neutrophil population and serum IL-8
level, which is an important factor in regulating neutro-
phil migration in vive, after LPS treatment. We found
that the peaks of both factors were at least 3 h (or more)
after LPS administration. Moreover, another finding
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that the time-courses of the two factors were parallel
suggests that IL-8 also participates in neutrophil
recruitment in this model.

The most interesting finding in the present study was
that gadolinium chloride attenuated the serum IL-8
level and neutrophil population in the liver, although it
did not affect the level of serum TNF-o, which regulates
1L-8 production from wvarious cells'® after LPS treat-
ment. It is therefore conceivable that factors other than
TNF-t¢ are responsible for the reduction of the serum
IL-8 level and subsequent neutrophil migration into the
liver. Recently, either extracellular or intracellular oxi-
dative stress has been shown to activate IL-8 production
and the expression of various adhesion molécules,
resulting in an increase in the migration of neutro-
phils.” It is likely that superoxide anjons in the hepatic
sinusoids promote IL-8 production. In consideration of
this view, it is not surprising that gadolinium chloride,
which reduces the level of superoxide anions in the
hepatic sinusoids, also reduces the serum IL-8 level and
subsequent neutrophil migration into the liver.

We have reported that the LPS challenge increased
the PNP/GPT ratio in the liver perfusate, a marker of
damage to endothelial cells in the hepatic sinusoids, and
the superoxide anions in the hepatic sinusoids may, ar
least in part, have caused this damage.’ This phenom-
enon was reproduced in the present study. An impor-
tant finding in the present study was that the increase in
the PNP/GPT ratio, a marker of damage to the hepatic
sinusoidal endothelial cells in response to LPS treat-
ments, was significantly attenuated by gadolinium chlo-
ride treatment. It can easily be deduced that a direct
effect of TNF-qt is its involvement in the mechanisms
causing damage to hepatic sinusoidal endothelial cells
in this model. Hlowever, gadolinium chloride reduced
the superoxide anion level in the hepatic sinusoids after
the LPS challenge and this was associated with a reduc-
tion of the damage to the hepatic sinuscidal endothelial
cells without any change in the serum TNF- level. This
indicates that superoxide anions released into the
hepatic sinusoids per se damage the hepatic sinusoidal
endothelial cells after the LPS challenge. As stated here,
because gadolinium chloride reduced neutrophil migra-
tion into the liver after LPS treatment, the endothelial
cell damage is decreased, Inversely, because damage to
endothelial cells in the hepatic sinusoids leads 10 neu-
trophils sticking to them,? the reduction of endothelial
cell damage causes a reduction in the liver neutrophil
population after LPS treatment in gadolinium chloride-
treated rats. In either case, the present finding is in
keeping with the fact that Kupffer cell depletion has a
protective effect against the progression of LPS-related
liver injury.”®

In the present study, the level of superoxide anions
after the LPS or TNF-o challenge in the gadolinium
chloride-treated rats was significantly higher than in
controls, although ED2-positive cells were fully
depleted from their livers. T'his suggests that superoxide
anions are also derived from cells other than ED2-pos-
itive cells in this model. Because neutrophils and circu-
lating macrophages produce superoxide anions upon
various stimuli,*'* we assume that these cells could pro-
duce superoxide anions in this model, This view is
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supported by the present findings that a considerable
number of neutrophils and macrophages were still
observed in the liver specimens of the gadolinium chlo-
ride-treated rats. :

Recently, we reported that an ethanol challenge also
caused superoxide anion release into the hepatic sinu-
soids, which was attenuated by Kupffer cell depletion.?
However, the levels of superoxide anions and subse-
quent damage to hepatic sinusoidal endothelial cell
were much less compared to those in the LPS challenge
maodel. Given that the involvement of neutrophils was
minimum in the ethanol challenge model,> we assiime
that superoxide anions only in the hepatic sinusoid can-
not activate either IL~-8 production or neutrophil migra-
tion into the liver, causing further deterioration to the
injured liver. Because TNF-¢t was not detectable in the
model,® TNF-a could be one of the essential factors fo
activate I1-8 and neutrophil migration in the liver.

In conclusion, LPS causes the release of TNF-o and
superoxide anions into the hepartic sinusoids, which
augments I1.-8 release as well as endothelial cell dam-
age. These factors contribute to increased neutrophil
migration into the liver, resulting in the progression of
liver damage. This process may be the reason why alco-
holic liver damage progresses when it is concomitant
with endotoxemia.
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Abstract

To assess the efficacy of clastmetry in the determination of fibrotic stage in the liver, we investigated correlation between liver histology and
the elastometry using a device equipped with a vibrator and an ultrasound system (Echosens, Paris, France) in patients with chronic hepatitis
C. Totally 75 patients, 24 in F1 stage, 17 in F2 stage, 18 in F3 stage, and 16 in F4 stage according to the new Inuyama classification without
fatty change were investigated. Correlations between the staging of liver fibrosis and elastometry, serum fibrosis makers and platelet counts
were investigated. The elastometry was absolutely non-invasive. Serum fibrosis markers did not well correlate with the stage of liver fibrosis.
Platelet counts significantly (P < 0.0001) correlated with the fibrotic stage. Median platelet counts in each stage was; F1, 191.5; F2, 172.0;
F3, 132.0; F4, 77.5 (x 10° 1), However, the deviation was comparatively broad. On the contrary, the elastometry correlated well to the
stage of fibrosis and the deviation was small. Median elastometric levels in each stage were; F1, 6.25; F2, 7.80; F3, 13.85; F4, 34.00 (kPa).
These results suggest that elastometry is significantly useful for evaluating fibrotic staging of the liver without any invasiveness.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Fibrosis, Elasticity; Staging; Chronic hepatitis C; Non-invasive

1. Introduction disease progresses, These can be divided into those diseases
that are portal-based and those that are acinar zone 3-based,
Fibrosis of the liver is a process of hepatic wound heel- and the portal-based diseases leading to cirrhosis include
ing after continuous destruction of hepatocytes [1]. The chronic viral hepatitis and zone 3-based diseases include
major source of fibrogenesis is hepatic stellate cells (Ito alecholic or non-aleoholic steatohepatitis.
cells), which transform from fat storing cells to fibroblasts Cirrhosis is not a static lesion and it may worsen, im-
and proliferate by some cytokines, such as transforming prove, or stay on, probably according to underlying disease
growth factor (TGF)-B [2], interleukin-13 {3], hepatocyte activity. Recent studies revealed that the stage of fibrosis in
growth factor or angiotensin II [4,5]. Accumulation of col- chronic viral hepatitis C correlates to increased risk of hepa-
lagen fibers and other extracellular matrix and regeneration tocarcinogenesis [7-11], and a success of anti-viral therapy
of hepatocytes, that is, the scaring and regeneration, result results in decrease in both hepatic fibrotic stage and occur-
in the formation of tissue change, liver cirthosis, which rence rate of hepatocellular carcinoma {11-13]. Thus, the
progressively decreases hepatic function into chronic liver regulation of hepatic fibrogenesis is important in the man-
faiture [6]. The progression of fibrotic change is always agement of chronic liver diseases and evaluation of the stage
found in chromic viral infection and alcoholic liver dis- of fibrosis in chronic hepatitis C is necessary for both diag-
cases, but these produce different patterns of fibrosis as the nosis and treatment. Staging of the disease process in chronic

hepatitis C indicates how far the disease has progressed in
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by liver failure or hepatocellular carcinoma. The establish-
ment of the staging of liver diseases is always determined
by liver biopsy.

Although the complete diagnosis of the stages of liver
fibrosis can be determined in autopsy specimens, where
entire liver can be carefully examined, ncedle biopsies are
the main procedure for histologic evaluation in living pa-
tients. The needle biopsy is sometimes subject to sampling
error, with small amount of samples [14,15]. Moreover, al-
though needle biopsy is safe procedure, it sometimes makes
complications such as pain, intra-abdominal bleeding, sam-
pling from other organs, or penumothorax [16-18]. These
conditions lead a new technology to make a non-invasive
apparatus that can evaluate the soft tissue elasticity, which
reflects fibrosis in the tissue, using a low-frequency shear
wave and an echogram. The apparatus named Fibroscan®
{Fchosens Co., Paris, France) measures the elasticity of
organs by measuring the velocity of a low-frequency shear
wave going through the liver using transient elastography
[19-21]. The speed of the wave was determined in any 2¢m
in the liver from 2.5 to 6.5 cm depth from the surface. The
elasticity of the liver is determined by the accumulation
of fibrosis, so that the measurement of elasticity correlates
to the degree of hepatic fibrosis. The aim of this study is
to evaluate the usefulness of this apparatus, Fibroscan®
(version 1), in the determination of hepatic fibrotic stage.
To that effect, we examined the patients with chronic hep-
atitis C who had been biopsied within 3 month before
and after the measurement with Fibroscan®, and we in-
vestigated the correlation between the elastometry and the
staging of hepatic fibrosis according to the new Inuyama
classification [22] that is the standard evaluating system in
Tapan.

2. Patients and methods

Patients with chronic hepatitis C and liver cirrhosis type
C, who visited and received liver needle biopsy in our de-
partment in 2003 were included in this study after giving
a well documentation of the purpose and methods of this
study and having their acceptance for enrolling in this study.
The patient received elastometry with Fibroscan® version
1 within 3 months before or after liver biopsy. The case in
which fatty deposit of hepatocytes was found in more than
10% of whole hepatocytes in the sample was eliminated
in this study because it has not been determined that fatty
change might affect the result of elastometry.

The patient was laid on a bed on their backs and the lo-
cation of measurement was determined with B-mode ultra-
sound. Blastometry was performed by contacting the probe
of apparatus with a range of pressure at an intercostal area on
the liver, and the measurement was done within a second af-
ter pushing the switch. The elasticity was automatically cal-
culated in the apparatus and the data were shown as kilo Pas-
cal (kPa). The elasticity of a patient was measured 10 times
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and the median measured level was automatically shown at
the window and the result was printed after the measurement.
On the same date, we measured serum fibrosis makers, the
levels of type IV collagen 78, type 11l procollagen-N-peptide
(P-II1-P) and hyarulonic acid, and also platelet counts, We
investigated the correlation between the levels of elastom-
etry, the stage of liver fibrosis, platelet counts, and serum
fibrosis markers. The stage of hepatic fibrosis was deter-
mined by two experts of liver pathology without information
of any clinical data according to the new Inuyama clacifica-
tion [21]. Liver biopsy was performed with 16-gauge needle
biopsy apparatus (TopNotch, Boston Scientific Japan Co.,,
Tokyo, Japan).

3. Statistic analysis

The data of elastometry was automatically shown in the
central value, The data of each fibrosis stage were calculated
and indicated by mean & standard deviation, The correlation
between the data and the fibrosis stage was determined by
Kruskal-Wallis analysis. The correlation between the data
was determined by Mann-Whitney test.

4. Results

Totally 75 cases of chronic hepatitis C and liver cirrhosis
type C were enrolled in this study. The age distributed from
18 to 74 and the central level was 50 year-old. The number
of patients in each fibrotic stage was 24 in F1 stage, 17 in
2 stage, 18 in FF3 stage, and 16 in F4 stage (liver cirrhosis).

The elastometry was entirely non-invasive and no one
complained anything during and after the examination. The
measurement was successful in almost all patients, but it did
not work in patients with ascites, with narrow intercostal
spaces, and with excess obesity. We tried to measure the
elasticity of ex vivo liver from pig, but we could never mea-
sure it, suggesting that the chest wall is necessary for the
measurement of hepatic elasticity with this apparatus.

The correlation between the elastometry and serum fi-
brosis makers was not found in this study. The median
level (and 50% levels) of type IV collagen 7S in each
fibrotic stage was F1, 4.1 ng/ml (3.5-4.1); F2, 4.4 ng/ml
(4.2-4.5); F3, 4.9 ng/ml (4.0-5.4); F4, 9.4 ng/ml (7.3-22.5)
(Fig. 1). Those of P-III-P were; F1, 0.60U/m! (0.54-0.73);
F2, 0.87U/ml (0.74-0.91); F3, 0.75U/ml (0.59-0.91);
F4, 1.30U/ml (0.98-1.60) (Fig. 2). Those of hyaluronic
acid were F1, 37.2ng/ml (209-51.5); F2, 483 ng/ml
(38.1-59.0); F3, 62.3ng/ml (55.9-83.5); F4, 412.0ng/ml
(317.3-1110.0y (Fig. 3). The statistical differcnces of type
TV collagen 7S between F1 and F2, F2 and F3, FF3 and F4,
were P = (1.135, 0.972, and <0.0001, respectively. Those
of P-TTII-P were P = 0.068, 0.401 and 0.0215, respectively.
Those of hyaluronic acid were P = 0.0545, 0.051 and
0.0004, respectively. Thus, these serum fibrosis makers
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Fig. 1. The median and 50% of the levels of serum type IV collagen 78 in
each fibrotic stage of the New Inuyama Classification of chronic hepatitis
€. The P-value in the table means the difference of levels between F1 vs.
F, F2 vs, F3, and F3 vs. F4, respectively, from the top. The significant
difference was found in only between the levels of F3 and that of F4
(P < 0.0001).

significantly increased in the fibrotic stage between F3 and
F4, but they could not distinguish between Fl to F3,

On the other hand, platelet counts significantly (P <
0.0001) correlated with the fibrotic stage (Fig. 4). The
median level of platelet counts (and 50% levels) in each
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Fig. 2. The median and 50% of the levels of serum lype 11T
procollagen-N-peptide (P-III-P} in each fibrotic stage of the New Inuyama
Classification of chronic hepatitis €. The P-vatue in the table means the
difference of levels between F1 vs. F2, F2 vs. F3, and F3 vs. F4, respec-
tively, from the top. The significant difference was found in only between
the levels of F3 and that of P4 (P ==0.022).
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Fig. 3. The median and fifty percent of the levels of serum hyaluronic
acid in each fibrotic stage of the New Inuyama Classification of chronic
hepatitis C. The P-value in the table means the difference of levels
between F1 vs. F2, F2 vs. F3, and F3 vs. Fd, respectively, from the
top. The significant difference was found in only between the levels of
F3 and that of F4 (P = 0.0004).

stage was; Fl, 1915 x 107 pl™! (173.0-235.5) E2,
1720 x 10° p1=! (145.0-203.0); F3, 132.0 x 10° pl!
(104.5-163.0); F4, 77.5 % 10° wi~! (67.0-107.0). However,
the deviation was comparatively broad even the patients
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Fig. 4. The median and fifty percent of the levels of platelet counts in
each fibrotic stage of the New Inuyama Classification of chronic hepatitis
C. The P-value in the table means the difference of levels between
F1 vs. F2, F2 vs. F3, and F3 vs. F4, respectively, from the top. The
significant difference was found in between the levels of F2 and that of
F3 (P = 0.048), and between F3 and P4 (P = 0.020).
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Fig. 5. The median and 50% of the levels of elastomtric meastrement in
each fibrotic stage of the New Inuyama Classification of chronic hepatitis
C. The P-value in the table means the difference of levels between Fl vs.
F2, F2 vs. F3, and F3 vs. B4, respectively, from the top. The significant
difference was found between all the groups.

suffered from uniformed etiology, chronic hepatitis C virus
infection. The statistical difference between each group
was; F1 versus F2 (P = 0.068); 2 versus F3 (P = 0.048);
F3 versus F4 (P = 0.020). Thus, this marker also distin-
guishes between F3 and F4, but differences among from F1
to F3 were not statistically significant.

On the contrary, the elastometry correlated well to the
stage of fibrosis (P < 0.0001) and the deviation was not
so broad (Fig. 5). The actual measurement levels in each
stage (median and 50%) were F1, 6.25kPa (4.60-7.80);
F2, 7.80KkPa (5.70-12.48); F3, 13.85kPa (11.20-17.40); F4,
34,00 kPa (24.00-48.20). The data of F4 were rather signif-
icantly large than other stages, but the data of F1-F3 were
differentiated well. This condition was quite different from
that in serum fibrosis markers. The other series of exami-
nation revealed that the elastometry of the livers from 20
healthy subjects all showed less than 5 kPa (median 4.31 kPa;
25-75%, 4.03-4.90kPa). The statistic difference between
the groups was; F1 versus F2 (P = 0.009); F2 versus F3
(P = 0.018); F3 versus F4 (P < 0.0001). These differences
were much superior than those in platelet counts. There was
no correlation between platelet counts and elasticity mea-
surement, Examples of pathologic findings and the elasto-
metric measurements were shown in Fig. 6. Fibrosis extends
from the portal area in the upper photograph of Fig. 6 but
bridging fibrosis is not clearly found. The elastometric mea-
surement showed that the elasticity of this liver was 7.9kPa.
On the other hand, the lower photograph shows histology
of a case with liver cirrhosis and the measurement result
showed that the elasticity of this liver was 20.7 kPa. These

158

H. Saito et al./ Hepatology Research 29 (2004) 97-103

Fig. 6. Typical histalogy of the livers and correspondent elastometric val-
ues. Number shown in photographs indicates the elastometry (kPa). Liver
biopsy was performed with 16-gauge needle biopsy apparatus (TopNotch,
Boston Scientific Japan Co., Tokyo, Japan).

data were quite compatible for the aspects of the liver his-
tology.

To evaluate the reliability of the result, elastometry was
twicely performed in the same 15 patients 3 months after
the initial examination. Table 1 shows the result and the two
data obtained from the same patient were around the same
suggesting that this elastometry is reliable.

8. Discussion

Liver biopsy may be necessary for confirming the di-
agnosis, evaluating disease severity, and ruling out other



