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Introduction

Abstract

Acute liver failure in Japan usually consists of fulminant hepatitis (FH) due to viral
infection, autoimmune hepatitis and drug-allergy-induced liver injury. The annual inci-
dence of FH was estimated at 429 cases in 2004. FH is classified into acute or subacute
type, and the prognosis of the latter is poor. Hepatitis B virus (HBV) is the most frequently
identifiable agent that causes FH in Japan. Transient HBV infection is more prevalent in the
acute than subacute type, whereas the frequency of HBV carriers is greater in the subacute
type. FH due to HBV reactivation from resolved hepatitis B has been increasingly observed
in patients with malignant lymphoma treated with rituximab and corticosteroid combina-
tion therapy. The prognosis is poor in HBV carriers with acute exacerbation, especially in
patients with HBV reactivation from resolved hepatitis B. Despite careful investigation, the
etiology is still unknown in 16% and 39% of the acute and subacute type of FH, respec-
tively. Autoimmune hepatitis and drug-allergy-induced liver injury are found in 7% and
10%, respectively, and are more frequently observed in the subacute type of FH. Living
donor liver transplantation is now the standard care for individuals with poor prognosis.
Artificial liver support with plasmapheresis and hemodiafiltration plays a central role while
waiting for a donor liver or for the native liver to regenerate. Further research is necessary
to identify the causes of unknown origin. In addition, to improve the prognosis of FH, it is
necessary to establish treatment modalities that are effective for liver regeneration.

hepatic illness, and in the absence of pre-existing liver disease.'
Thereafter, patients with hepatic encephalopathy that develops

Acute liver failure is a clinical syndrome that is marked by the
sudden loss of hepatic function in a person without chronic liver
disease. The causes of acute hepatic failure are varied and differ
geographically. In Japan, fulminant hepatitis (FH) is defined as
having hepatitis, when grade II or worse hepatic encephalopathy
develops within 8 weeks of the onset of the disease symptoms,
with a prothrombin time of =40%. FH due to viral infection,
autoimmune hepatitis and drug-allergy-induced liver injury is the
main cause of acute liver failure in Japan. In contrast, other causes,
including paracetamol overdose, other drug toxicity, metabolic
liver disease, and acute fatty liver of pregnancy, are infrequent.

The Intractable Hepato-biliary Diseases Study Group of Japan
annually performs a nationwide survey of patients with FH and
late-onset hepatic failure (LOHF). This paper summarizes the
results of the survey and addresses the characteristics and trends of
acute liver failure in Japan.

Definition and methods

In 1969, Trey and Davidson defined acute liver failure as the
occurrence of encephalopathy within 8 weeks of the onset of acute
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between 8 and 24 weeks after disease onset are defined as having
LOHF.? Other definitions based on the duration of illness have
subsequently been used to classify patients:** hyperacute,
<7 days; acute, 7-28 days; and subacute, 28 days to 6 months. In
Japan, patients with FH are classified into acute or subacute type,
in which the encephalopathy occurs within 10 days, or later than
11 days, respectively, of the onset of disease symptoms.>® Based
on the previous survey, patients with FH who present within
10 days of symptom onset have significantly higher survival rates
than similar patients who present with encephalopathy at 10 days
after symptom onset.”

The survey was performed in hospital with active members of
the Japan Society of Hepatology and the Japanese Society of
Gastroenterology. Patients who meet the diagnostic criteria for FH
and LOHF were entered into the survey (Table 1). Besides the
diagnostic criteria, patients under 1 year of age and those with
alcoholic hepatitis were excluded from the analysis.

The etiology of acute liver failure is classified into five catego-
ries: viral infection, autoimmune hepatitis, drug-allergy-induced
liver injury, unknown, and indeterminate (Table 2). Patients with
viral infection consist of those with hepatitis A virus (HAV),

65

© 2011 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd

— 196 —



Acute liver failure in Japan

Table 1 Diagnostic criteria for fulminant hepatitis in Japan according to
the Intractable Liver Diseases Study Group of Japan, the Ministry of
Health, Welfare and Labour (2003)

Fulminant hepatitis (FH) is defined as hepatitis in which hepatic
encephalopathy of coma grade greater than Il develops in the
patients within 8 weeks after the onset of disease symptoms with
highly deranged liver functions showing prothrombin time less than
40% of the standardized values.

FH is classified into two subtypes: the acute typeand subacute type
in which the encephalopothy occurs within 10 days and later than
11 days, respecitvely.

Note 1: Patients with chronic liver diseases are excluded from FH,
but asymptomatic HBV carriers who develop acute exacerbation are
diagnosed with FH.

Note 2: Acute liver failure accompanying no liver inflammation, such
as drug or chemical intoxication, microcirculatory disturbance, acute
fatty liver of pregnancy, and Reye’s syndrome are excluded from FH.

Note 3: The grading of hepatic encephalopathy is based on the
criteria from the Inuyama Symposium in 1972.

Note 4: The etiology of FH is based on the criteria from the
Intractable Liver Diseases Study Group of Japan in 2002 (Table 2).

Note 5: Patients with no hepatic encephalopathy or encephalopathy
of coma grade I, even showing prothrombin time <40% of the stan-
dardized values, are diagnosed with severe acute hepatitis. Patients
in whom encephalopathy develops between 8 and 24 weeks after
disease onset, with prothrombin time <40% of the standardized
values, are diagnosed with late onset hepatic failure (LOHF). Both
are related to FH, but are regarded differently from FH.

hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis E virus
(HEV) and other viruses. Patients with HBV infection are further
classified into transient infection and acute exacerbation of HBV
carrier status. In 2002, the criteria were modified to define FH due
to autoimmune hepatitis and HEV, and the etiology of patients
between 1998 and 2001 was re-assessed according to these new
criteria.

Demographic features

From 1998 to 2006, 934 patients were enrolled in the surveil-
lance.” Among these patients, 856 (432, acute type and 424, sub-
acute type) were classified as having FH and 78 as having LOHF
(Table 3). Based on the nationwide epidemiology surveillance, the
annual incidence of FH was estimated at 3700 cases in 1972, 1050
cases in 1995, and 429 cases in 2004."" About 30% of patients with
severe acute hepatitis were presumed to develop hepatic encepha-
lopathy of coma grade Il or more."

The male : female ratio was higher for the acute type than sub-
acute type and LOHE The age of the patients was significantly
higher for the subacute type and LOHF than for the acute type. The
frequency of HBV carriers was highest for the subacute type and
lowest for LOHF. There were many patients with complications,
such as metabolic syndrome, malignancy and psychiatric disor-
ders, which preceded the onset of acute liver failure, and most of
these patients had received daily medication. This tendency was
more obvious in patients with the subacute type and LOHF.

The survival rates of non-liver-transplanted patients were 54%
for acute and 24% for subacute type FH, and 15% for LOHF. The
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Table 2 Criteria for etiology of fulminant hepatitis and late onset
hepatic failure

I. Viral infection
1. HAV: positive for serum IgM anti-HAV
2. HBV: positive for either serum HBsAg, IgM anti-HBc or HBV
DNA
A. Transient infection: fulfilling either (a) or (b):
(a) Negative for serum HBsAg before onset of acute liver
injury.
(b) Positive for serum IgM anti-HBc and negative for anti-HBc
in serum diluted to 1:200.
B. Acute exacerbation of carrier status: fulfilling either (a) or (b):
(a) Positive for serum HBsAg before onset of acute liver injury
(b) Negative for serum IgM anti-HBc and positive for anti-HBc
in the serum diluted to 1:200. )
C. Undetermined: neither (a) nor (b)
3. HCV: fulfilling either (a) or (b}:
(a) Negative for serum anti-HCV or HCV RNA before onset of
acute liver injury.
(b) Positive for serum HCV RNA and low titer positive for serum
anti-HCV core protein.
4. HEV: positive for serum HEV-RNA
5. Other virus: e.g. EBV.
. Autoimmune hepatitis: fulfilling either (a) (b) or (c):
(a) Diagnosed as definite or probable according to the International
Scoring System for autoimmune hepatitis.
(b) Attenuation of liver injury after glucocorticosteroid administration
and/or aggravation of liver injury following withdrawal of
glucocorticoid.
(c) Positive for serum antinuclear antigen and/or serum IgG levels
>2 g/dL.
Il. Drug-allergy-induced: drugs responsible for liver injury are
determined by clinical course of liver injury and/or d-LST.
IV. Unknown: etiology is unknown despite sufficient examinations
available.
V. Undetermined: etiology is undetermined because of insufficient
examinations.

HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus;
HEV, hepatitis E virus; EBY, Epstein-Barr virus; d-LST, drug-induced
lymphocyte stimulation test.

prognosis of patients with subacute type FH and LOHF was evi-
dently poor. These annual rates have not improved between 1998
and 2006. When compared to a previous survey.'? prognosis of FH
in acute type patients improved until 1998, although the prognosis
remained poor in the subacute type with no liver transplantation
during that period (Fig.1). This improvement was probably
achieved by progress in artificial liver support.

Causes of FH

Viral hepatitis

In Japan, the cause of FH has been identified as HAV, HBV or
other viruses in about 50% of patients (Table 4). The causes of
acute liver failure differed depending on the disease type. The
frequencies of viral infection were 69% and 31% for patients with
the acute and subacute types of FH, respectively, and 17% for
LOHEF patients.
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Table 3 Demographic features of patients with fulminant hepatitis (FH) and late onset hepatic failure (LOHF) in Japan (1998-2006)

FH LOHF

Total Acute type Subacute type

(n=856) (n=432) (n=424) (n=78)
Men/women 431/423 228/203 197/226 33/45
Age (years; mean = SD) 48 =17 46 + 16 49 + 7% 53 % 15%*
HBV carrier rate (%) 14 12 16* VAR
Complications (%) 39 35 44* 49*
History of medication (%) 46 41 B *# 54*
Survival rate (no LT) (%) 40 54 24%% 16%*
Survival rate (LT) (%) 77 73 79 81

*P<0.05; **P<0.01 versus acute type; ***P < 0.05 versus subacute type.
HBV, hepatitis B virus; LT, liver transplantation.

Table 4 Percentage etiology of fulminant hepatitis (FH) and late onset
hepatic failure (LOHF) in Japan (1998-2006)

Acute type FH

F ! Subacute type FH A
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Figure 1 Survival rate of not liver transplanted patients with fulminant
hepatitis(FH) and percentage of liver transplanted patients.

Infection with HAV was found in 6% of patients with FH and
frequently observed in the acute type. As annual incidence of acute
hepatitis A has declined over the past decade," so too has the
incidence of FH. However, as the overall immunity of the Japanese
population to hepatitis A is only 12%"* and is decreasing gradually
as in other non-endemic areas, the increasing risk of future out-
breaks of acute hepatitis A is probable. With regard to the severity
of hepatitis A, age, sex, and drug toxicity have been identified as
potential contributing factors.” HAV susceptibility and the risk of
severity have likely increased recently.

In most of the patients, viral infections were due to HBV. HBV
infection was found in 42% of patients with FH and 13% of those
with LOHF. Among these, transient HBV infection was more
frequent than acute exacerbation of HBV carrier status. Transient
HBV infection was more frequent in the acute type (40%) than
subacute type (9%) of FH, whereas the frequency of HBV carrier
status was greater in the subacute type (16%) than in the acute type
(11%). Annual incidence of FH due to HBV infection, both in
transient HBV infection and acute exacerbation of HBV carrier
status, has declined over the past decade. The routes of transmission
of HBV indicate that, at present, sexual transmission from HBV
carriers is a major route for FH. The preventive administration of
HBYV hyperimmune globulin and vaccination against HBV of neo-
nates born to HBV-carrier mothers has been practiced nationwide
since 1985 in Japan.'® Therefore, the HBV carrier rate in the
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FH LOHF
Total Acute Subacute
type type
(n=856) (n=432) (n=424) (n=78)
Viral infection 51 69 31 17
HAV 6 11 1 1
HBV 42 56 27 13
(Transient infection)  (25) (40) (9) (5)
(Carrier) (13) (1) (16) (4)
(Undetermined) (4) 8) (2) (4)
HCV 1 1 1 1
HEV 1 1 1 0
Other virus 1 1 1 1
Autoimmune hepatitis 7 2 12 18
Drug-allergy-induced 10 8 13 15
Unknown 30 18 42 a7
Indeterminate 3 3 3 3

HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus;
HEV, hepatitis E virus.

population has significantly decreased, and as a result, a marked
decrease in the incidence of FH caused by HBV is expected.
Reactivation of HBV is a well-recognized complication in
patients with chronic HBV infection who are undergoing cytotoxic
chemotherapy or immunosuppressive therapy. HBV reactivation
can be clinically severe and result in death from acute liver failure.
Among acute exacerbation of HBV carrier status in the survey,
HBYV reactivation has been increasingly observed in patients with
hematological malignancies. Furthermore, among the 12 patients
with HBV reactivation, six with serological evidence of resolved
hepatitis B [without hepatitis B surface antigen (HBsAg), but with
antibody to hepatitis B core antigen (anti-HBc¢) and/or antibody to
HBsAg (anti-HBs) in serum] developed reactivation with reap-
pearance of HBsAg in serum. Most of these patients had received
rituximab and coriticosteroid. Recently, combination therapy with
rituximab and corticosteroid has been identified as a risk factor for
HBYV reactivation in HBsAg-negative patients with malignant
lymphoma.'™"® A study in Japan has revealed that 22% of de novo
hepatitis B and that caused by HBV reactivation from resolved
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hepatitis developed into fulminant hepatic failure, and mortality
was 100%." This problem deserves careful attention, because
HBsAg-negative, anti-HBc-and/or anti-HBs-positive patients,
which account for 20-25% of hospitalized patients in Japan, rep-
resent a high-risk group.”

HCYV infection is rare in the etiology of patients with FH and
LOHFE. HCV infection was found in 1% of patients with FH,
independent of the disease type. Reactivation of HCV as a cause of
acute liver failure following chemotherapy has been reported.”!
However, none of these patients were found in the survey.

HEV infection was found in 1% of FH patients. HEV is a
common cause of acute hepatitis in endemic areas, such as South
Asia, Africa and South America.? The virus is now also known to
exist indigenously in Japan, and can contribute to acute liver dis-
ease.”?* In Japan, the zoonotic transmission from pigs, wild boar
and deer, either food-borne or otherwise, is the cause of HEV
infection in non-endemic areas.’** As for the geographical distri-
bution of clinical HEV infection in Japan, it has been reported that
there was wide variation with a higher prevalence in the northern
part of Japan (Hokkaido Island and the northern part of mainland
Honshu).”® In the survey, two-thirds of the patients were from this
area. Moreover, most of the patients were elderly men and there
were no pregnant women, who have the highest attack rate of the
virus in endemic areas.

In the survey, Epstein—Barr virus, cytomegalovirus, herpes
simplex virus, human herpesvirus type-6 and parvovirus were
infrequent causes of other forms of viral hepatitis.

Autoimmune hepatitis

Although autoimmune hepatitis is a chronic disease, an acute
presentation occurs in approximately 22% of patients, and an even
smaller number present with acute liver failure.”’” In the survey,
autoimmune hepatitis was found in 7% of patients with FH and
18% of those with LOHF, respectively. In 2001, FH due to autoim-
mune hepatitis was recognized in Japan, because there were
patients with non-HAV/HBV FH in which IgG levels were >2 g/
dL, with positive antinuclear antigen in the serum. Although the
diagnosis generally relies on the presence of serum autoantibodies,
higher IgG levels (>2 g/dL), liver histology (if available), and
response to corticosteroid therapy, the diagnosis of acute-onset
autoimmune hepatitis is often difficult. The serum gammaglobulin
or IgG concentrations are often lower than those in patients with
chronic hepatitis.”®

Drug-allergy-induced liver injury

Formation of toxic reactive metabolites has been suggested as a
potential mechanism for causing idiosyncratic drug-induced liver
injury.”” Drug-allergy-induced liver injury was seen in 13% of
patients with subacute type FH and in 15% of those with LOHF.
The diagnosis relied mostly on the clinical course or drug-induced
lymphocyte stimulation test (D-LST). Numerous types and classes
of drugs have been implicated. Anti-tuberculosis agents (isoniazid,
rifampicin, ethambutol and pyrazinamide), nonsteroidal anti-
inflammatory drugs (loxoprofen, lornoxicam and acetaminophen),
anti-cancer agents (tegafur, UFT and flutamide), drugs for meta-
bolic syndrome (allopurinol and acarbose), and various herbal and
natural remedies were the probable causative agents in the survey.
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Table 5 Survival rates and etiology of patients with fulminant hepatitis
(FH) and late onset hepatic failure (LOHF) in Japan (1998-2006)

FH LOHF
Total Acute Subacute
type type
(n=678) (n=369) (n=309) (n=62)
Viral infection 45 55 23*% 36*
HAV 74 77 40 100
HBV 39 50 18* 38
(Transient infection) (51) (56) (32%) (33)
(Carrier) (22) (35) (13%) (67)
(Undetermined) (23) (33) (0) (0)
HCV 67 75 60 0
HEV 60 100 33 —
Other virus 60 50 67 0
Autoimmune hepatitis 21 25 21 18
Drug allergy-induced 42 58 29*% o*
Unknown 36 54 26* 10*
Indeterminate 28 36 14 0

*P<0.05 versus acute type.
HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus;
HEV, hepatitis E virus.

Unknown etiology

The etiology was unknown in 42% and 47% of patients with
subacute type FH and LOHF, respectively. Although the roles of
GB virus C (GBV-C)/hepatitis G virus (HGV) and transfusion
transmitted virus (TTV) have been discussed, in this survey,
neither GBV-C/HGV or TTV appeared to be a major cause of FH.
It is possible that the patients with drug-allergy-induced liver
injury were contaminated with those of unknown etiology, because
the ratio of medication history was high in these patients. The
relationship between daily dose of oral medication or medication
with significant hepatic metabolism and idiosyncratic drug-
induced liver injury has been reported.”**! The higher numbers of
patients with complications and daily medication in the survey
support this evidence. Furthermore, HEV infection needs further
investigation, because serum HEV RNA and [gM antibody to HEV
were measured less in the survey.

Prognosis

The prognosis of patients with FH and LOHF differed depending
on the etiology (Table 5). It was excellent in patients with HAV
infection: the survival rate was 77% and 40% in patients with acute
and subacute types of FH, respectively, and 100% in those with
LOHF. In contrast, the prognosis was especially poor in HBV
carriers who showed acute exacerbation. The survival rates of
acute and subacute types of FH were 35% and 13%, respectively.
It is noteworthy that none of the patients with HBV reactivation
from resolved hepatitis B after rituximab and corticosteroid com-
bination therapy survived. In contrast, the survival rate was 56% in
acute type FH and 32% in subacute type in patients with transient
HBYV infection. The prognosis was poor in autoimmune hepatitis
independent of disease type. Prognosis was also poor in patients
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Figure 2 Percentage incidence of therapies performed for fulminant
hepatitis (FH) and late onset hepatic failure (LOHF) in Japan (1998-
2006). BCAA, branched-chain amino acid.

with subacute type FH and LOHF caused by drug-allergy-induced
liver injury, and in those of the unknown etiology.

Complications

Complications that occurred during the course of acute liver
failure also seemed to affect patient prognosis. Disseminated intra-
vascular coagulation, renal failure and bacterial infection were
found as complications in >30% of patients. Brain edema, gas-
trointestinal bleeding and congestive heart failure were seen in
about 30%, 20% and 10%, respectively. Any of these complica-
tions significantly decreased survival rate. Furthermore, the
number of these complications influenced prognosis.

Management

Specific therapies

The frequency of antiviral therapy with lamivudine has increased
since 1998. As antiviral agents, lamivudine and interferon have
been used in 27% and 18% of patients with FH and LOHF,
respectively, between 1998 and 2006 (Fig. 2). Lamivudine has
been used in 67% of patients with HBV-related FH or LOHF.
Lamivudine has been reported to be efficacious for acute liver
failure.’'*> Recently, another guanosine nucleoside analog, ente-
cavir, has been administered more frequently.** A preliminary
study of entecavir for acute liver failure has revealed that the agent
beneficially affects disease course. Lamivudine therapy is more
efficacious when started early in acute liver failure. However, in
the case of HBV reactivation from HBsAg-negative patients, it is
difficult to prevent development of liver failure, even when lami-
vudine is administered after the onset of hepatitis. Two study
groups in Japan have proposed guidelines for prevention of
immunosuppressive-therapy- or chemotherapy-induced HBV
reactivation. These guidelines recommend that patients with
resolved infection should be routinely monitored for liver function
and HBV DNA levels during and after chemotherapy, and antivi-
ral therapy should be administered immediately when HBV DNA
increases above the detection levels.
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Corticosteroids were administered in 70% of patients with FH
and LOHE. Steroid pulse therapy, methylprednisolone at a daily
dose of 1 g injected intravenously, was administered to attenuate
liver necrosis by suppressing excessive immune response. The
efficacy of corticosteroids for improving the prognosis of acute
liver failure is still obscure. Some randomized controlled trials
have shown that corticosteroids provide no benefit overall in acute
liver failure.** However, FH due to autoimmune hepatitis might be
a candidate for therapy.* Anticoagulant therapy was performed in
56% of patients with FH and LOHF. Antithrombin III concentrate
and protease inhibitor compounds such as gabexate mesylate and
nafamostat mesylate were used as anticoagulants. They were
effective for inhibition of disseminated intravascular coagulation
and microcirculatory disturbance due to sinusoidal fibrin deposi-
tion. Glucagon/insulin, branched-chain amino acid-rich solution,
cyclosporine A and prostaglandin E1 therapy was administered
less frequently, and the frequency decreased compared to that in
patients in the previous survey between 1995 to 1997.

Methods of liver support

In Japan, powerful artificial liver support with plasmapheresis and
hemodiafiltration plays a central role in the treatment of acute liver
failure. Plasmapheresis and hemodiafiltration were performed in
91% and 74% of patients with FH and LOHF, respectively (Fig. 2).
In the late 1990s, hemodiafiltration therapy was developed and
plasma exchange combined with hemodiafiltration therapy
became popular. The increased frequency of this combination
therapy in the 1990s could be implicated in the tendency for the
survival rate to increase for acute type FH (Fig. 1). The effect of
plasmapheresis on survival from acute liver failure has been diffi-
cult to determine. However, these support systems are efficacious
for helping patients to remain in good condition until sufficient
regeneration of the liver can be obtained, or liver transplantation
can be performed. Recently, more powerful hemodiafiltration
using large buffer volumes® or on-line hemodiafiltration®” has
been developed and has shown greater efficacy for improving
hepatic coma.

Liver transplantation

Despite significant advances in critical care and an improved
understanding of the pathophysiology of acute liver failure, the
mortality rate remains high. Liver transplantation is the only life-
saving treatment available beyond the supportive care of a critical
unit. In Japan, living donors have been used because of the insuf-
ficiency of organ donation since 1988. Living donor liver trans-
plantation was performed in 17% of patients with FH and LOHF
between 1998 and 2006, and the frequency in those patients was
significantly greater in the subacute type (21%) than in the acute
type (13%). Recently, these frequency ratios have been almost
steady (Fig. 1). The survival rates were 77% and 81% in patients
with FH and LOHF, respectively, and there was no difference in
the rates among the disease types. Patient and graft survival rates
were 94% and 87% at 1 year, and 91% and 81% at 5 years, respec-
tively. There was no significant difference in patient and graft
survival according to etiology.*

Appropriate judgment to move forward to liver transplantation
is the most important step. The indications for liver transplantation
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in cases of FH are determined according to the 1996 Guidelines of
the Acute Liver Failure Study Group of Japan. Re-evaluation of the
guidelines has revealed that the accuracy in patients not receiving
liver transplantation was 68% and 78% in acute and subacute types
of FH, respectively, and 84% among those with LOHE* The
sensitivity and specificity of the assessment in patients with acute
and subacute types were very low. To improve this situation, new
guidelines for using a scoring system have been proposed by the
Intractable Hepato-biliary Disease Study Group of Japan.** By
using these guidelines, the accuracy in patients not receiving liver
transplantation was increased to 75% and 87% in acute and sub-
acute types of FH, respectively.

Experimental methods of liver support

To improve the prognosis of acute liver failure, advances in the
treatment for liver regeneration are urgently needed. Hepatocyte
growth factor (HGF) acts as a stimulator of liver regeneration, as
well as an anti-apoptotic factor. We have started a clinical trial to
examine the effects of recombinant human HGF (rhHGF) in
patients with FHor LOHF, and in the four patients with FH or
LOHF enrolled in this study: repeated doses of rh-HGF did not
produce any severe side effects. Although two patients were
rescued in this study, evaluation of this therapeutic agent is still
under investigation.!

Several clinical trials of bone marrow cell infusion in patients
with liver cirrhosis have shown clinical improvement. A clinical
trial of autologous bone marrow infusion for patients with advanced
liver cirrhosis due to chronic HBV infection has shown clinical
improvement with no serious adverse events.* The recent discovery
of pluripotent stem cells has yielded a new cell type for potential
application in regenerative medicine. Strategies to achieve high
levels of hepatocyte survival and the development of methods to
engineer a functional liver system in vivo are expected in the future.

Conclusion

In Japan, the incidence of FH has decreased gradually and the
clinical characteristics of patients and the therapeutic approach
have changed in the past decade. The prognosis differs in patients
with FH and LOHF depending on the disease type and etiology.
HBYV is the major cause of FH in Japan. Recently, careful attention
has been necessary because of an increase in HBV reactivation
from resolved hepatitis B. Despite careful investigation, a signifi-
cant group with FH of unknown origin remains and needs further
investigation. Living donor liver transplantation is the only life-
saving treatment available beyond the supportive care of a critical
unit. Artificial liver support systems are efficacious while waiting
until the native liver regenerates or a donor is found. New thera-
peutic modalities are required to regenerate the liver, in particular,
for the subacute type of FH.
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HEEE 5T HREY (NAEEY R L

6. ERIF R A IV ADRREIEES

G S

HiGERRVREEBR AR [ - RIRS ML Y 1 )b A5

INFETIZ, ERBFFRY AV AHEV)D UL 4 ORRLHIIL COREATHA S N T E 7275,
W B L NV TR o 7o, o, #H 5 1@ N1l HEVJE03-1760F #k[# {51! 3 &,
& %\ & HE-JF5/15F #k[4 B D% & €& 8RB 2 v, FFEM bk PLC/ PRE/S & Bifi 8 # Ba bk
ASAO TORER % HEV ORER LV T 52 LTI L 7. 53 LiEd o HEV RNA 13 10°
copies/ml I3 L, 7z ME~OBREEE LR TH o7z, HALR JE03-1760F & [6 55 DO BEFHEE % +5
DGt cDNA 70— A E# T 5 2 LASTE, ORF3RIBER 7 10— > % f v TR L 72853,
ORF3 & A LEGARE 25 O HEV K T O ICEE L ZEH A £ L Tw b 2L M h o/ &
52, ERIFFRERICHET 22MMEFO HEV &, 74 VAENSWIZE, 3= X { PLC/PRF/5
H < ABA9 MG LI L ) 5 2 L2V o 72, 3R M 7% HEV ORGSR AL SN2 &

T, INFTEMHTH > 7= HEVICHT AL HTHROK A DERIC—2 2% 2 2 3 2 L2 FELC

ol EZA.

FUoIc

E BlF4e 4 )V A (HEV) (&&MEdD 5 WIdElE E B4R
DIFEH7ANVATHAD., HEVIEZ RO —T7IZEbILTw
e RRIERIRR, - (B8 27 ~ 34 nm %30 nm) T
N, ~xX A ) ZF (family Hepeviridae) D~ 4 )b
ZJ& (genus hepevirus) I/ EhTwa V. #/ 4l
5 AW F vy THEE, 3KRmMICKY ARSES D, 8
720018 EDO 1A (77 A8) RNATHH (B1), 3
2 ® open reading frame (ORFs : ORF1, ORF2, ORF3)
%4952, ORFL i3 helicase % RNA polymerase 7 &0
JEHiEE O %, ORF2 3 capsid &A% I— FLTw5h,
ORF3 1113 %L 114 7 2 JERFRIED S T B 5 ) Uik
ftEHT 22— FLTwA., ORF1&HIE7 / 4 RNA 75,
ORF2 #H & ORF3 &HH X 2.2-kb 4% 7%/ 4 RNA 2 5

T 329-0498

5 AR T B T 3 A < 3311-1

BIREFIKFLRFED &G, - IEF Y 1 )V A 550
TEL: 0285-58-7404

FAX: 0285-44-1557

E-mail: hokamoto®@jichi.ac.jp

WiRahn %Y,

HEV 33 & U CHFBRCHEsm L, FBSE 2 88M L ChaE 8k
mah, EEELDIEIMCRB ENG, ZO720, i
ZEEBREE T CIEE L (fecal-oral) V— M2 & % HEV &
BRI, TYVT, T7UABLOHKOBT -
BT LIS B A SR RIS VIRBEEL R LTV 5,
—, 1tai, HKREREDLHERETO E BIRFRIE, ik
[ AGE] O —D L HfE S, FRETEHSMTwadro
7o L 2BD, 1990 EREKIZE o T, AT O ERUEDS
BORCAOSMIFREE P SHHEO HEV BPER SR, %
HEEC I AREE L LTO ERFFROA LSS, EREK
YHIDERIFRBIEETH I EDREICHRENDL LI
Loz, DAETH 2001 FLFE, WMEMIC L S 2w
P E B SEB QLD S 012 % 0 57, EH O %K
D7 % T HEV REAELE L TV B HEEDPF A% - 7289,
MAT, 75 LHEAEHBPOR - NIEEERO E RITREE
FHHIDHR N THE & 0 o FRE( LR BIERF 412
IARMEBIOFEAEDEBENDL LI oTY, ERFE
PIChPIEE 2D, BHPEFCET L8 S3HIC
AR L7z, FORER, AMEICBU S8 HEEEY: (zoonosis)
DEZMA, bOEICBWT, #FIERIT TR s /.
HEV OiERIL 1 CTH 205, 1B 48 FTO4H
BHOBEFENIKRENTWE B, 205 3R HIAS
H\IH 25% $ip o> T h, 1HLE 225 b ) A (2 g
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94 (TANVA E60E F1
0 1 2 3 4 5 6 7 72
1 1 1 1 1 1 1 [
kb
Genomic RNA (7.2 kb)
C ) - e e e B B e o e B e sy gz ( A1
Subgenomic RNA (2.2 kb)
Cap ey (A)1
ORF3 |
ORF2 | Capsid
B 1 HEVOBGFHE

MT, methyltransferase; Y, Y domain; P, papain-like protease; HVR, hypervariable region; X, X domain;

Hel, helicase; RdRp, RNA-dependent RNA polymerase

&1 HEVERFRLE ERFROER
B FhEYg | RE ,
EiE TR FEl o AaH Bt | 3 L SeAEHE R
: T "
77U KR e A ® FAERANIZH
5 A¥va A7) ) o TiFdcHEEL
77 A -
3 779 A %L o ABRILIEIBYPE (T & A
) TR Iy, AR EICHEY
HE, B, j=1:3°d o FEEREIIS
HA dbifgs) (BFH) F | o HEiEfL - BHE(LHI P ELE
4 RbEFh, AVE, Bt
A o [EABBMEE TIIBMiY
b5

*¥LYT b, Fy R FIET FAT )T, RRT 7Y A HAE oy TRFEHLMELR L

LRI TORTENFRICHEBL T2 LT, 3
BE AT FOIZRL ST TIRA 7 EOWICY
g L, ABRILREGE & L COM%EN E BFAOEK &
oTws (B,

DV E T, HEV OFERDP N LAY 1 L A1
MR %ERT 29 2 TOREIRIEREL o TV, EF
5IZ HEV O R BEERER A MY T5 2 IR L,
INF CTIEREIETD - 77 4 )V ARED TS 20825
BLO22H 5. ATl HEV OBGEEEROMETY. B L O
ZFNC Lo THRLNFH L AR A/ Lo,

1. HEV DORELIEFER DML

S5HEMHOBMOIF LAY A NVADI L, ARFFEY 4 LR
(HAV) 122\ Cld, 1979 4E 12 Provost & ¥ |2 X - THEE
FAHEL SN, ENTHAELHA 77 F > DS ICIH
EhTwb, T2, CHRFRY 1 VA (HCV) iI22WTid, 2005
FICHE S D 12X o THME C BIFRBE D S0 S /e

EIE T 2a @ JFH-1 ™ 4 b A % W 72 in vitro 52 A58 7
SN, HCV Ol - M8 - b T O M 12K & 20tk
ERRONTWD, LA L, HEV OFFERICOWTIE 1990
ERYED 5%  OMREHIZ L > THRAL N T & 127 162))
BRSO TR <, MU ESWEETH ), HEV O
B LS00k O RAT 2 ™7 4 L ZASFWRFZe 1ot 2 2 L IdH
Kl oz,

2003 4E12 1 A ENEG 0 E AT EE2 S B HO
HEV (JE03-1760F #:[E % 3 %!]: 2.0 x 107 copies/
ml) ZECEREY O TAPELNI-Z LD, Th bR
% HEV OEERBI OB L o7z, ZOBEEZICHET
DB A AR LT, v RRHL, Y, A X,
T, T AICHET S 21 ME O LM TZED
HEV BRDSEEFE 0] GEA &9 D% WS L 7245 5L, BFosa A ik
PLC/ PRF/5 (Alexander) & itk A549 @ 2 FEfHD
FHEEAEC JEO3-1760F #25xhz8 & (AL 9 5 Z L 55
o572 B AV ARIKIE L TR X (R R TIC
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[72]

QL 6

o

3

~— 5 =

[@)] A

% ‘atlA-’A

- 4 F A A‘A’r

g PO, 2 WIS

— 3k

© £ 5

= ® 8.6x10° copies/well

> 2F ® 1.6x10% copies/wel |

% B 6.4x104 copies/well
1k m 32x104 copies/wel |

4 A 2.4x104 copies/wel |

(_) { SN I TN NN (NN NN TN TN TN VNN NN TN NN AN AN TN N NN |

0 4 8

12 16 20 24 28 32 36

40 44 48 52 56 60

Days post-inoculation

2 frEflfask PLC/PRF/5 IZ6 (T % HEV DiE%E

W4 D7 AV 25O HEV(E03-1760F #8)% &t BEIRER A M L 728 L 0 60 H B % TR Lo HEV RNA titer 777

F A WVADEL S, 6-well plate ® 1 well 4720 @
copy # % 8.6 x 10° (MOI = 0.9) & L T JE03-1760F #k %
BRELZEZA, 60 HBEICIZEZELEROY 4V AEDS
10% copies/ml 1Z3E L7 (R 2). F 72,1 well %729 @ copy
¥x 24 x 100 (MOI=0.03) 125 L CH A% RS 5
ZENTE, EHIC, BELFRICRB ST AL
ANXHi7- % PLC/PRF/5 A= A549 Ml < b &b B
Z, POMGENEMRERITETH L Z LT o7,
BV ANV AEOEEMHEIEONZE, FLTEFD
HEV #25EE 510 3 BLHEV #Rlci3@Bobhzvwi=— 7 %
ERY 2yl (2095, 61T T I/ BERY
PR IEFFAR) 2HELTWZ &5, HRTHO TR
T YR RO\’ > - D LR ENn D W,
T, BloERFREE BUER) »o/E0N0/ &m0
fii » HEV (HE-JF5/15F #k[# {z 7% 4 #]: 1.3 x 107
copies/ml) % EOHEME R WA BT L2 LI12L D, Fic
124 BV HEV RO R R XTS5 EATE D), JE03-
1760F #k & FkIC, K3 BT o HEV & v 7okt is s
HURETH L2 TH L, 6 HOMARERICBVT, £
Fith 2 HHICEE EEHRCTF Y A VA (HE-JF5/15F_p6)
DEEIPRERS N, Y4 VAF¥ 457 —1310HHBIZ15x
108 copies /ml (3£ L7 (R3). BETF— 5 H 5, BIETH
4 L FFREFEL L OB L EMESRIE STV )32
BIE T2 B8 S 208 S 7z 4 B HEV BRO I 5 72 Bl g
PAEEZATHRESN I LIZEERERED Y A4 L AR

FE WYY 5 ) 2 THKE,
2. RS E (S5 HEV OBME & Bz FER

B~ HEV OBHLIZ & D & ) s FE R Y
HoTVBENPEWLPICTAIEZHME LT, BEKT
b5 FEHO JE03-1760F tkz H%EME & LT, 275
(EBA LB B) OMREREIT-7%. EBA T,
R A L 2 % #9 10° copies/well & L T Passage 10 F
T EBEIT o728 25, Fi 0 Passages 0-5 (2
T -0 Passages 6-10 D5, HFEfLR Y A )V A+
%3 COFEY RS AR ER S (167 H vs. 100
H), FHTIOADECEELEPOY AV AEDN 10°
copies/ml (Z3# L 72(35.2 H vs. 16.0 H). % 7z, Passage 11,
Passage 12, Passage 13 O¢{IERRTIX, HfE 4 V2@ %
ZHZN 3.0x 10° copies/well, 1.0 x 10° copies/well, 3.0 x
107 copies/well & L TiTVy, & 1) BEEAIRD & k% R
WYL LN TEL. FOME, Passage 13 TEH R
7oA (p13/A) (ZBFAEMD 305D 1 D7 A b ATl
BLI) DI EDGhol. EERBIZBWTDFER A [,
i1 Passages 0-5 12 H_T, -0 Passages 6-10 D)7
BIANARBRE TOFHHYEAIE %D, 2 HEICHE
SN EHEHY, BELEFEFOTA L AEN10°
coples/ml \3ET % £ TOFHHEDH 1 EMERHE I, #
7% 10 H H 1213 10° copies/ml ##2 5 L9 12 7290,

%R A T Passage 13 Ok (p13/Atk) L FEEBEB To
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(mAVA #E60%E £17,

2 FFHEHE JE03-1760F & 2 RIID#AHK(p13/A & p10/B)DLIGEACH D L

Nt no. Region Nucleotides . Amino acids ‘
Wild-type pl3/A pl0/B Residue no. Mutation
61 ORF1 U U @ 12 -
370 ORF1(MT) C U C 115 -
445 ORF1(MT) U U c 140 -
591 ORF1(MT) C U C 189 Ala to Val
829 ORFI1(Y) C C U 268 -
1378 ORF1(P) C C U 451 -
1549 ORF1(P) U U c 508 -
2191 ORF1(HVR) C C U 722 -
2236 ORF1(HVR) C C U 737 -
2246 ORF1(HVR) U C C 741 Trp to Arg
2704 ORF1(X) U c U 893 -
2808 ORFI1(X) U 8] C 928 Val to Ala
2913 ORF1(Hel) A A G 963 Glu to Gly
2915 ORF1(Hel) G G U 964 Val to Leu
2938 ORF1(Hel) C U C 971 -
3106 ORF1(Hel) A G A 1027 -
3223 ORF1(Hel) U U o 1066 -
3235 ORF1(Hel) C U C 1070 -
3453 ORF1(Hel) C U C 1143 Ala to Val
3475 ORF1(Hel) C C U
3496 ORF1(Hel) C U C 1157 -
3553 ORF1(Hel) C U C 1176 -
3620 ORF1(Hel) U B U 1199 -
4015 ORF1(RdRp) C U C 1330 -
4309 ORF1(RdRp) C C U 1428 -
4462 ORF1(RdRp) C U C 1479 -
5312 ORF2 U U (& 47 -
ORF3 51 Ile to Thr
5378 ORF2 A G G 69 -
ORF3 73 Asn to Ser
5456 ORF2 C U U 95 -
ORF3 99 Pro to Leu
6047 ORF2 u U C 292
6470 ORF2 C U [ 433 -
6578 ORF2 C U C 469 -
6611 ORF2 C U C 480 -
6626 ORF2 U C U 485 -
6651 ORF2 G G R 494 Val to Ala/Thr
6652 ORF2 U U ¢ 494 Val to Ala/Thr
6855 ORF2 A A G 562 Asn to Asp
6944 ORF2 U U C 591 -
7186 3’UTR C C 8] NA -

#F . MT, methyltransferase; Y, Ydomain; P, papain-like protease; HVR, hypervariable region; X,
X domain; Hel, helicase; RdRp, RNA-dependent RNA polymerase.
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Genotype 3

HEV viral load [log (copies/ml)]

Genotype 4

O Passage 1
@ Passage 2
0 Passage 3
B Passage 4
A Passage 5

0 4 8 12 16 20 24 28

T PO TP ForAls el TP |

Days post-inoculation

3 RMERFREBEICAHRT S 3E HEV(IE03-1760F) & BISE E BUFF X B E(ICHET 5 4 B HEV(HE-JF5/15F) D FFE#lfaik

PLC/PRF/5 ([Z &} B1E5E/NZ — > DB

R LER HEV 28 L72d &0, 5 RO (Passages 152351 2 44 30 H B F ToO¥3E Figdho HEV RNA titer %

GRS

Passage 10 Dk (pl0/B#k) (22w TatgEEY % g
L7z&Zh, BAERICIHNRT, 7226158 (K1) ARSI %K
<) W, ZhZ2N 19458 23 A ICHED RO SR
(F2). pI3/AMICEDO LN 19EHEOLERD S+, 518
A5 ORF1 & 5\ Z ORF3 TO 7 3/ fREH (#h2h3
& 2M8) 2o Twiz, F72, plo/BHRICED SN 23
WEOERDH B, 9HED ORFI, ORF2 BX U ORF3 T
DT I EREE (FhFER, 48, 3, 2M) 2o Twn
2. TANAYT ) AEED 0.3% (SN B4 2 EIET
LRPEERND HEV OB ED S 5 & L AR S
hi-. ﬂf% z, 2 —?ﬂ@%ﬁ%ﬁ IBWTpl3/A¥kE pl0/B
BRICIEIZERO HNAR (WFhd 7 3/ BREfRE S
ZER) ci%ﬂMtM—#o HEV’r/ LEROBBEERT L O
Th ), ML BRIVECEELED D 5, I
WCEELZERL LTEHSRS.

3.HEV O reverse genetics system (DHEIL

HEV @ JE 4 ¢cDNA 7 11— >~ ﬁ'ﬁﬁ%@‘é 728, JEO3-
1760F ¥4/ 2 RNA #$%112 LT, RT-PCRIEICL D 7
J L&EFrw 18N—¢ % cDNA &ﬁ}#%i‘éﬂﬁb, Z® cDNA I
Fra T77aE—4%—¢&poly (A) Eyl&ORIZEALLY
JATTAIFEBELL([RAN)D. oy 675 A
3 F#* 5 in vitro transcription 12 X 0 7/ L4 E® RNA

TEWL, SARmICF v v TEMAIMLZz0bH, PLC/PRF/5
HIEAN L 72 2 A, K38 EiFdIC 107 copies/ml DL F
DEHW LNV TOHEV EANRO bz (R4B). A
ORF1 (& ORF1 (2 frameshift mutation % ¥§ - 7= defective
71— rT» Y, negative control & L TH W7, ¥
ORF2 ¥ Y A€/ 7 —FVifk (mAb) (H6225) % vy,
immunofluorescent assay (IFA) %12 & 0 #ilaP ® ORF2
EHT M LK, ORF2 MM EE s> 2724
Yartk, 5H, TH, 11 H, I5HEH%ZB-THENL,
HEV EEMFILRK L Tw b grEg s (B4C). 2o
cDNA Hi3& HEV (pJE03-1760F/wt) (3#77-7 PLC/PRF/5
Mifa %> A549 MR LR K CHJETE 27217 TR <,
MICEE R D WTEETH D, FAHH R AR JE03-1760F L [7]
SEOMGERE R O LB L R o 7,

4. Z R HEV 70— > OB E ORF3 & A DA

HEV ORF3 &H D #FEHATOEREE,»S, 20D
AN AEAPRNTHA 2L F - - &A L LTF
FELTWAZLIEHESNTWAY Y, EEWASHETT
DERIIAHTH Y, FTEEICE > TW B 0ERICDWn
THnroTnlehrorz. £2°C, ORF3DATG a2 Fr %
GCA \ZZ&&E S 472 ORF3 K# cDNA 71— (A ORF3)
*fER L, 204 E RNA % PLC/PRF/5 il (2 transfect
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08 (7AW A F60&E H15
A
pJEO03-1760F/wt
ORF1 AG1nY
Hindill Notl Afll* Sapl Nhel
2181 4784 7226 Xbal
BamHI
H R
f1 f2 f3 polyAT7®
pJEO3-1760F/AORF1

Aatll Aatll
370 723

77 HoRF1]

11

e~ pJE03-1760F/wt
-e— pJE03-1760F/AORF1

10 |

HEV RNA [log (copies/ml)]
o

Days post-transfection

4 HEV OREZM cDNA 7 O— > OfES & 57

(A) B 44 JE03-1760F @ cDNA 7

(B) &K RNA % PLC/PRF/5 flfa\Z transfect L7-& & Ok |-
IOV T 2wells DT — % 2R,

(C) IFA: $L ORF2 mAb (H6225)% & T Alexa Fluor 488 £

L7230, ZofER
p]E )3-1760F /wt & [F] % L
Ihdybh 6, B AR B0
7?17‘ »olz (B5). L7aa-> T,
JANCIIBEIHCE TOWEEET RV T\ 5
w7z,

mz <

L A ORF3 7 4 )V ATIXHI P CTH A bk
~)L @ HEV RNA 25 & ﬂt
C ANV ADTLHIEERD

ORF3 Rfa™~ A v A 143 ‘ll]
ZEMBBE NI
% v 72 immuno-

, L ORF3 mAb (TA0536)

1 — » 3 & OF negative control & L T®D OR

BT~ 7 A IQ(J

A(31nt)

=3

Ly —

»(A ORF1)Dfi 3
¥rkk & A ORF1 ©#

RIF1 RIE8Z
#r o HEV RNA titer mﬁ Fa R,

-HWWTHIKEN O ORF2 HiE # 8 L 7-.

capture PCR {E |2 X o THeat L 7246 %, FEMd o HEV i

e W0, R BT o HEV B EIC ORFS & AA%F
fELCTW5S 2 W)“H)Jf DT o 723030 R MR
N TOMIREIEH % 15\ ES, Mae OFMmIETHAIC & 5L
HUZ X o THiRFIEH 1 (()m‘HqP ZEmb, ORF3 &
FUEREEE B3 o HEV R 2 CTY ¥ P &FA 2RISR
BONIIRETHEL TV i) DEEZLNL, T/, %
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Extracellular HEV RNA titer

5

HEV RNA
[log (copies/ml)]
w

4
| l I
<1 .
8 16 24

Days post-inoculation

Intracellular HEV RNA titer

E-N

HEV RNA
[log (copies per 105 cells)]
N w

IA
=

8

16 24

Days post-inoculation

B pJE03-1760F/wt
[] pJE03-1760F/ AORF3

5 B4k & ORF3 RiBHK(A ORF3) TOREE High b LU HIEA D HEV RNA titer DLEH

fEr o HEV $i 1% §T ORF3 mAb THETE L o720
&, HEV K F25HF0EA S IEE B0 S, I IRl s
2@ TR O 74 & 2 a— Uk & B b O &S R
F (M) TTy) s, MRS LD ICORF3 EHDS
s nbsZ iR TL2ODE#Ez b, FERE, Bk
FEPOHEVRF 2745 a—VEE MY 7Y v Tl
5281250, 5 ORF2 mAb I & o TIZIZ5E 4T3
RENDDIH LT, $i ORF3 mAb 12 & » Tid4 { Hide
SN LY, YaEEdh TOFEEE S LR O 1.15-
1.16 g/ml 7 5 ¥fFEd HEV ¥+ &[5 0 1.27-1.28 g/ml 12
¥7 kL7

L7:H5> T, ORF3 &M+ EICHFET A EFH AT
EEATOHH Y, B 5 ORI EE 2 5EEH 5%
L TwhEEZLNL., LT, ¥#ELETOHEV A
MBI, ORF3 &H % 0o 72 KR8 CHliRE 2 & fi
=R, AL “enveloped” TANAL LTHEELTWSLDIZ
LT, BEFRTRIAEI TOERBBICTHIATRS &

12 “non-enveloped” 7 A VAL LTHELTHEY, HEV
W& LT 2MBEOFEIRELSH B Z LArhoi:.

5. BEMMAERR HEV OERIEEROEL

E BIFREZIMET O HEV A+ OF L& E L HET 5
L, BELEPOHEVRE T LRIC L), ¥ apEdT
1.15-1.16 g/ml \C ¥ — 7 2 B § 5. 554 Lo HEV
R E R HEV R F & 272 ), “enveloped” 7 4 )V A
DIBREER L) dss, Bz R EMREIcEgL, %<
WzH 5. LT, Wik E BFROFED ENID 5
DD 2B ok hEENS, MiEH HEVH O
BPERRALMETITELOTIE VW EEL, LT LD
TR SRR T ATz,

i A G B H WV ILEINE SO E BRI B E IR T 55
MMM E (n=32) % 6-well plate ® & well 4 72 9 10°
copies D 4+ — ¥ — (1.5-3.0 x 10° copies/well, n=4), & 5 \»
13 10° copies DA — ¥ — (1.5-5.8 x 10° copies/well, n=9)
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(WAIVA HE60% $F157,

100% 100% 42% Replication (+)
106 109 104 HEV RNA
TE copies/well
= (six-well plate)
E 6
3 x
2 5
L
8 4
<Zi 3
o
> 2
W
* 1
(n=4) (n=9) (n=19)

HEV RNA-positive serum samples

6 I[i&+ HEV % PLC/PRF/5 $fRIC#EIE L /-5 & O 30 A B D% EiE D HEV RNA titer
6-well plate ® 1 well 247= 1 10° copies, 10° copies, & % V213 10* copies TliLiEH HEV %348 L 7235 & ORKSEAED 6 1L 1k

X, £hZE 100% (4/4), 100% (9/9), 42% 8/19)TdH o 7-.

THEMEL-LZA, 22 well THEV OBEIED LN, #
flit: 30 H H o&E# it o HEV RNA titer 13 10° + — %"
—OFFETIE 2.1 x 105 copies/ml (Fhoefl), 10° 4 — ¥ —
DFERTIE 1.9 x 10° copies/ml (1 9ufE) (EL,
AN AENRL VT EER WL RT ZEWGh o7 (B
6)%. F7, 10° 4 —%— (2.07.2 x 10* copies/well) @
BT 19 MiRrh 8 MR (42%) THAGEATEIZI S R, Fh
5 MR T O 30 H H @ K 2 L b o HEV RNA
titer (& 3.9 x 10" copies/ml (1 H:fl) TH -7 (H6).
ORF2 #ig D 412 W EORH) % #% L, inoculum & LT
Hl7ziiie HEV & 852 R HEV (30 HE) %ML
TodER, FNEFNOY Y T VIZ2W T, inoculum & 100%
—HT AN AR CREAE SN Z L 2R TE
7z.

T 72, B LT O HEV # AS49 Mg 1R L2 & 2
%, EOHEVAEDR)Z L CBGET 5 2 L BIgi s, B
ELEPIAEREEE AT L7 ANVADPER SN TS
ZENGho W,

HIEASHERR SN/ 21 kD 5 &, 3Bk (K6 AT
*EIOfFW7oirk) O AMiEH HEV $RSBEMTH Y, %
D D 18 M RIZIE G HEV AL T 05 L 2535 HEV fLfk
B LTz, Y afiih COFLEE LTS &, 1
& @O HEV K713 HEV SO RICED 59, K3 Rik
o HEV i+ & [AAk, HE 1.15-1.16 g/ml O 55 HE 2 € —
&KL (B7). 72, HEV RS RO 3 Mk,

*ENE HEV LRSI TH 2 2 & 2R,

HEV kD551t D 4 Mkiconw T, Y FHie b IgG/IgM/
[gA LR RINL, SIERREREIT R o 28%, To0
AL 2 R CTd o 72 EFrh HEV R 1131313 100% (o8
WE LT & /o3 LT, MmiEsh HEV # i HEV
PADIFIZO DT, Jhe L CchI s, LY
RCELE N HEV R Fd b T 81% L FTh- 7. &
bbb, MO HEV K05 & HEV §ifE 3 FE F T8
immune complex % 23, “free” OIKFETIHEL T
BTGtz

Tween 20 £ NP-40 7 & O FHIGE A TP O WL 2 47 %
HZ e LY, MEH O HEV #1352 Bk o HEV AL
T[RRI, PUORF2 HifkB £ O ORF3 HUATHE AL
HREND Lo 12 o 298, FORMIGMER & &1
FOWMZ L RMULEAIT%2 9 &, [E+H HEV A1 & 5
# L h HEV K3 8 vk HEV R 1 & [AAR 12, 1.27-1.28
g/ml DIF LEEL %) (R 7), L ORF2 JLikiz & - TlEiZ
100% ffi# & v, T ORFIHLRIZ L o Tid & (Al S e
{lpofz FEEEARCEHTWFEEIC L S 0HIZH L T
i HEV $r 135522 B op HEV R & M) 0% 8) % R
TZEDPHLRII 72280, JDEVwI ALY A
=D TV AFRELEELERO HEV T+ H
v, LR ) HEV R O R 3/~ 0 Beguth & fat L7z,
ZOFER, FUHIEEA BB ORI T S 512 FETEA]
L SRR DI & T 7 T b RO T &
DGR T 5 2 Lo 123,
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HEV RNA (copies per fraction)

12 F .
Fecal suspension
10 |
8 -
6
4
2
0
25 [ Culture supernatant
20 +
m;15 -
210 |
5 -
[ . —— S-o-t—eve
4 + Serum [anti-HEV (-)]
3 -
S
%20
1 -
0
gl Serum [anti-HEV (+)]
__ 6
[32]
o
X 4
2
ral o 1 .||
12
5% Tween 20-treated
10 (culture supernatant)
o~ 8 B
<
S 6
2
4 L
2 L
0 [
4+ 0.1% NP-40/0.1% pronase E-
treated (culture supernatant)
o
o
x

0
1.05 110 115 120 125 1.30

Density (g/ml)

7 HEVHFOY aBRPTOFELEE
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ANz U T, ERPFREFICHERT 2 2 #Em b
@ HEV (JE03-1760F #k[3 %!]& HE-JF5/15F #K[4 #4]) DA
%6, MiE+ o HEV b HEV A0 FEICED 5§,
ANAT ALY —=DEHITE, %3 X < PLC/PRF/5 Mifg <
AB49 HIRLIZRES LIS L D B 2 &2 hr o 72, B D
HEV RNA % £ % —#%§%42 5.0 x 10° copies/ml L\ ETH N
W, SNOOMBBA TR L (ML) 5. B Likdic
B &7 HEV R F 25l s o b, #EFD
HEV #if& #7% o TR EREIFEWC LT EifoE ) T
0%, MiGEH O HEV K+ b Mg B 518 b i,
“enveloped virus” BOR FHEE T & > TH Y, HEV filk
DL TVTD, ZOPEFPHTUEE L TR TICHE
LTWhRWIEBHOLNI R -7z, Z0 7%, HEVHifED
BRI O B IIEE L TW W 25
W o7z, L L, BB i3y, &M@k o HEV §
+® & 9 7% “non-enveloped” 7 A IV Ak, (MBI
EHHO HEV B FD X 9 12 “enveloped” ™7 1 IV ZkE DS
o IR T RS OEEME R R L ) 5O EH L ICH
KTWRW, TREDRFAED L S 2 TR
WKRELIBALS 200, Z0OFHIE HEV OAEER % H
959 ZTHOTEETHSL EEDNL,

BhUIC

AT LA LD %, K& LEPICHIREO HEV K
TS S B EER RS S -0k, R THD
TTHAh. JEO3-1T60F FkD A7 63, MOBEHOMT D [F
F, HHVIIENL LORE THGEAAN RN T, »ofk
M AR 24T 2D TET WA, /o, gk
cDNA 70— ORFEICH I L Tnb. IO DRER
B & U reverse genetics system # HHW A Z L2k ), &
NETREPTH-7-HEV ICET A Z O 4 O &R
=D —D&F 2 kM T LN 7L ER 5.

& 512, PLC/PRE/5 #ifg<° A549 fifd = v 7- HEV @
YRR, BEFHEV OAL ST, MiEFo% o
strains DEEGLIETE % %h% £ { support L9 % Z L5 H -
2. TOZLT, KEEROILHOBIKE L2k
SxA. Tz, MiEHO HEV K 13552 LiFd o HEV £
+ & JAlEEIZ, “enveloped” 7 A WV ARE ORI FHEE T £ o Tw
L ENDH ol HAV IZOW T, 538 Figh o — 8ok
TR B DN TV B 2 L IZHS LT 5 A3
HEV 0413553 Bk B £ OIBIRIEH D5 &3 _ToD
KD S E DN T WA B THAV E R e 5. &
D &), MIFEFREEE FHRO HEV A7 725l B a7
ICEDLDNL TS, i, “non-enveloped” ™7 1 L AD
HEPHEVR F L FEOBREREHT 2000 00> T
Wi\, Z O mysterious %R OFEAAT HEV O 4
FANOWHE - BAD AN = AL HL 22T 5 L THET
Hb.
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Cell culture system for hepatitis E virus

Hiroaki OKAMOTO

Division of Virology, Department of Infection and Immunity
Jichi Medical University School of Medicine
3311-1 Yakushiji, Shimotsuke-shi
Tochigi-ken 329-0498, Japan

Early studies reported propagation of hepatitis E virus (HEV) in primary hepatocytes or several
established cell lines, but replication was inefficient. Recently, using inocula comprised of fecal
suspensions with high loads of HEV, originally obtained from Japanese patients who contracted
domestic infection of genotype 3 HEV (the JE03-1760F strain, 2.0 x 107 copies/ml) or genotype 4 HEV (the
HE-JF5/15F strain, 1.3 x 107 copies/ml), we developed an efficient cell culture system for HEV in
PLC/PRF/5 and A549 cells, which vielded the highest HEV load of 10® copies/ml in the culture
supernatant, and we successfully propagated six or more generations in serial passages of culture
supernatant. In addition, we constructed a full-length infectious cDNA clone (pJE03-1760F /wt) of the JE03-
1760F strain, which can replicate efficiently in PLC/PRF/5 and A549 cells. Using a derivative ORF3-
deficient (A ORF3) mutant, we demonstrated that the OREF3 protein of IHIEV is responsible for virion egress
from infected cells and is present on the surface of released HEV particles, which is associated with lipids.
Various HEV strains in blood circulation were also propagated efficiently in PLC/PRF/5 and A549
cells. Our in vitro cell culture system can be used for propagation of a wide variety of HEV strains in feces
and sera from various infected patients, allowing extended studies on viral replication specific to
different HEV strains.
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E BIF 987 4 )V A (hepatitis E virus; HEV) I3 F & U CHBECHEGE L, JHE % 8-> CHBAICHEE 2
n, EELEDICENMCHRES NG, TD720, R4 % AR T Cld, 310 (fecal-oral) )L —
FTOREVRI DG\, TIT, 7790, PROBH - BEHEMGHIBICAEST 2 BB2 EE T,
FNDREZ S X o> THRAKPBEORBICHET 2 AV RAICHERESN, B LA EL %
BEOWMITHERF RSB ELSEELTEZ BETIEB, 0L AREECES ER
FRIFEREZLETOELZBEHFBO—2TH ), EEMICO AREEFWCLBEL 2 >TWVD
D& RBREIBICHEN L, REBEIZDED L VIIMBAR 5% EYRaEK 2B 2 = &
WL o THEV ISR L, RERICEET 2D AREL L TOERFLTHS. BREN2S
DAEZEAHEV IZEH L 200 bEERD T T HAEAZEN, YAI VR 2FBLALHESLHZ. &
HACIC A - T, ABRILEEKYLAE (zoonosis) & L THOEINEGEI O EBIFF £ ICbAICEE SR, ®
25T 5 LSHEMICER T 2 A HEV BRIGEFIOGFENEN LN L THLHA, L ThL A
STbIFTidRw. TIVT7 - TIVANDOERBEOHLHEN, HEHVIZFNLLDOEL LD AR
BB RERRE L72BEOBNSHO—2 L LTENTIEZL L2 WERTH L L2 RETH
L7z,

b

30 %, HBik

[(E &R 29888 ACRER AT, #5E.

(BX £ BE] Wy ~R&azenlL.

(R & B AEFIZ20064F 1 A 23 B2 HHEEREYE, FXv FEABKERT3IH 10HIZ*
IN= - BT RICAD72. 4HA30BICFAICBBIL T OBER, HEICATX5H3
HIZRE L7z, 5 B 8 HEEA ML, 2MiFLL LTAKRLZ.

(#EBFFRR] &R 165cm, AHE 67.2kg, i 36.2C, MFE 122/70 mmHg, IRHA 61/ min, %
EAkEEA.

(R ik EE] 4¥idd~&FHELL

(BHAPRR] M3 g L, MREGEBICHEE 2 0. MR ER R 2. B v/
A S ko 7o JEEERES TR AN S, FRIZARDE TS 1 AR L, A E S,
TR 3T - 7.

—2156—



