LIVER SUPPORT SYSTEMS AS PERIOPERATIVE CARE

patient’s blood with normal donor blood,
was introduced in 1958 ™ and prevailed until
the 1970s. This method aimed to concomi-
tantly correct the two main abnormalities
{clotting factor depletion and coma); how-
ever, its effectiveness was discredited by a
small scale RCT in 1973.3

In 1967 a beneficial effect of PE for FHF
was reported.2’ PE was aimed at more effi-
cient correcting the coagulation abnormalities
and coma of FHF than WBET, and a signifi-
cant improvement in survival rates was
reported in a case series, 2! 2

Our own experience with PE treatment for
FHF showed an overall survival rate of
approximately 30%.2% and although PE is
effective in the replenishment of depleted
plasma components, it is of a limited value in
the removal of substances with large body
pool.2t The concentrations of most of amino
acids were not changed by high-volume PE.2
Consequently. patients with FHF who are
receiving PE seldom bleed, but their coma
progressively deepens despite daily exchan-
ge. This prompted the idea that combining PE
with an adequate method to remove toxic
substances with large body pool may pro-
vide an improved ALS system.2® PE alone
sometimes causes adverse events such as
hypernatremia, metabolic alkalosis and sharp
decrease in colloid osmotic pressure; how-
ever, PE in combination with CHDF =
(Figure 1) or HDF 2¢ can reduce these adverse
events.

Attempts have been made since the 1950s
to remove toxic substances from patients with
FHF by perfusing the patient’s blood through
adsorbents, with the introduction of HP
through resin, which experimentally adsorbs
hilirubin and bile acid.?® However, resin HP
showed little clinical effect. Rather, it suffered
from poor biocompatibility manifested by
severe thrombocytopenia.

In 1974, the King's College group reported
a favorable clinical effect of HP through 160
¢ of coated activated charcoal.? At the same
time, a Japanese group attempted plasma
perfusion (PP) through uncoated charcoal;3
however, a survival rate as low as 19.2%
(5/26) was reported with this method.3! The
problem with charcoal PP was its low bio-
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Figure L.—Incidence of hypernatremia, metabolic alkalo-
sis and sharp decrease in colloid osmotic pressure during
ALS treatments. PE: plasmu exchange: CHDF: continuous
hemaodiafiltration; HFCHIDFE: high flow continuous hemo-
diafiltration.

compatibility, and the induction of dissemi-
nated intravascular coagulation (DIC).32 The
King's College group later assessed the effect
of their own charcoal HP in a RCT. and
reported no significant beneficial effect. The

Japanese groups thus discontinued using

charcoal PP, and switched to PE as their
method of choice for an ALS system.

The BioLogic-DT system includes a cellu-
lose plate dialyzer with a suspension of pow-
dered activated charcoal and cation exchang-
ers as dialysate.® An early study indicated
encouraging results in a small trial of ACLF:®
however. a subsequent study in acute liver
failure did not confirm the benefit of this
device.”

MARS (Teraklin AG. Rostock, Germany) is
a closed-loop system that allows passage of
albumin-bound toxins up to 50 kDa in diam-
eter to pass from patients’ blood to 20% albu-
min within the circuit. The albumin is then
refreshed by passage through charcoal and
anion-exchange resin columns. However,
there is no evidence that toxins bound to the
albumin are effectively delivered to the char-
coal and resin. Novelli et al. reported 14
patients with acute liver failure successfully
supported with MARS before receiving an
orthotopic liver transplantation.’? Tan also
reported a beneficial effect of MARS; how-
ever, he admitted the necessity of a RCT for
MARS.# Subsequent RCTs for MARS did not
confirm the favorable effect.!1. 12 Prometheus
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(Fresenius Medical Care AG, Bad Homburg,
Germany) is also a variant of albumin dialy-
sis like MARS removes mainly protein-bind-
ing toxic substances. Removal of water-sol-
uble substances is very limited by albumin
dialysis as their first step of blood purification.

Instead of perfusing the patient's blood or
plasma using adsorbents, other researchers
have tried HDF using membranes with larg-
er pores than those used in renal dialysis
under the assumption that middle-range mol-
ecular substances (MMS) are responsible for
the coma in FHF and are not removed by
renal dialysis.® In 1978 a French group
reported a beneficial effect of HDF using
polyacrylonitrial (PAN) membrane, which
was claimed to be superior in removing MMS
than standard kidney dialysis.* These findings
were not confirmed, however, by a later
study.?” possibly due to the low permeabili-
ty for MMS of the PAN membrane used in
the 1970s.

For the safe and efficient removal of MMS
we developed HDF using a larger pore poly-
methyl metacrylate (PMMA) membrane orig-
inally developed for the removal of B2
microglobulin (MW 11 800),3% The efficacy
of this ALS system has been repeatedly report-
ed,1o. 3.3 and is widely recognized in Japan.+
12 In the 1990s CHDF using the same PMMA
was introduced, and this HDF treatment is
used extensively in Japan.3-10 This technique
has been improved by the development of
new high performance membranes in Japan,

History of biological and bioartificial
liver support

Since Eisman performed HP through
porcine liver in patients with chronic liver
failure, ™+ several attempts have been made
to sustain patients with FHF and chronic liv-
er failure by HP through animal ! 2. 144 and
cadaver liver;® however, most of these
attempts were unsuccessful. Recent devel-
opments in tissue engineering have improved
cell viability, opening the way for biological
liver (BL) and BAL systems that have replaced
HP through whole livers.

The HepatAssist BAL uses a column of 300
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g of charcoal and 50 g of porcine hepato-
cytes housed within a hollow fiber bioreac-
tor. Although the BAL was expected to have
both synthesis and detoxification capabili-
ties, subsequent clinical trials did not show
any favorable effects of the BAL.»: 5 Xenoge-
nic infections and zoonosis are major draw-
backs that hamper use of porcine hepato-
cyte for BAL.5. 5t

ELAD uses cells derived from a human
hepatoblastoma cell line (C3A) cultured with-
in the extracapillary space of a dialysis car-
tridge. ELAD is also expected to have both
synthesis and detoxification capabilities; how-
ever, neither a PCT 1 nor a recent study using
a newer version of ELAD # demonstrated
these features, although they did confirm the
safety of ELAD.

In general, bioartificial systems have failed
to show any significant benefits in the syn-
thesis of liver-related compounds and have
only shown limited detoxifying functions.
The first major hurdle for a beneficial BAL
support system is to build a bio-component
which includes hepatocytes with excellent
synthesis and detoxifying abilities, and non-
parenchymal liver cells.

Artificial liver support currently
prevailing in Japan

The objective of an ALS or BAL systems is
to compensate for deficient liver function in
liver failure. Therefore, the efficacy of ALS
and BAL systems can be judged by assessing
to what extent deficient liver function can be
compensated. Since the ALS system is a symp-
tomatic treatment for liver failure, the pri-
mary end-point of assessment should not be
the survival rate, but the potential 1o com-
pletely reverse the symptoms of liver failure
in the severest FHF, comparable to an ahep-
atic state,

Charcoal and resin have been widely used
adsorbents and although they have a large
capacity to adsorb a wide variety of sub-
stances, their capacity is limited when deal-
ing with the accumulation of toxic substances
in FHF. For example, the serum level of glu-
tamine, which becomes toxic by releasing
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Figure 2—Clinical course of a4 30-year-old female patient with fulminant hepatic failure. Etiology of this case was unde-
wermined. The patient has survived for 114 days under the treatment of artificial iver suppont consist of plasma exchange
and hemodiafiltration using high performance membrane in spite of ahepatic state, Liver weight at autopsy was 210 g,

ammonia, can exceed 10 000 nmol/mL (nor-
mal range 422-703 nmol/mL) in a severe case
of FHF which is comparable to an ahepatic
state (Figure 2). The poor efficiency of
BioLogic-DT, MARS. BAL, and ELAD in the
removal of toxic substances is illustrated by
the poor improvement in encephalopathy
shown in the meta-analysis.2

PE using high volumes of FFP was shown
to be effective for FHF in a number of case
studlies.?s. 525 However, PE using up to 8 L of
fresh plasma (high-volume plasma apheresis)
is of limited value in removing amino acids
such as glutamine with a large body pool.s
The use of high volumes of plasma is expen-
sive and wastes a limited resource. Therefore,
we attempted to remove the MMS as effi-
ciently as possible by an alternative method.
We selected high-volume HDF using 70-kDa
cut-off PMMA, cellulose triacetate (CTA), and
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polysulfone (PS), which are three times more
efficient in removing inulin than the PAN
membrane used by the French group.’® The
HDF removes not only MMS but also lower
molecular weight substances such as gluta-
mine effectively.

PE in combination with high-volume HDF
as an ALS system has been already estab-
lished.3s PE starts with 40 packs (3.2 L) of FFP,
which is then adjusted from 20-60 packs to
keep the minimum prothrombin time (PT)
above 30% of the normal level throughout
the treatment course. Hemofiltration starts
with 20 L of biocarbonate buffer (Sublood-
B, Fuso Pharmaceutical Industries, Ltd., Osaka,
Japan) running rapidly for 4 hours. Dialysis is
performed concomitantly at a flow rate of
500 mL/min using bicarbonate buffer (Kindaly
Solution AF-2, Fuso Pharmaceutical Industries,
Lid., Osaka, Japan). Thus, patient’s blood is
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Figure 3. —Circuit diagram for the artificial liver suppart system currently prevailing in Japan. This system works by pla-
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Figure 4. —Number of patients with fulminant hepatic fui-
lure and late onset hepatic failure from 1998 to 2003, Use
of plasma exchange and hemodiafiltration annually during
the period.

cleansed by 170 L of buffer at the start. The
volume of filtrate is increased up to 40 L
through post-dilution route depending upon
the patient’s response, and thus the patient
blood is cleansed maximally by a significant-
ly large volume of 340 L of buffer per ses-
sion (Figure 3).
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In 1986, we first reported complete recov-
ery from deep coma in a patient with severe
FHF caused by hepatic vein obstruction.
The efficacy of this ALS system was further
substantiated in studies of 27 and 67 patients
with FHF, which gave surprisingly high rates
of recovery (92.6% and 97%, respectively)
from the initial coma.!% ¥ Brain edema and
renal failure are observed in 19%, and 11% of
cases on admission, respectively and most
of the cases recovered. The effectiveness of
this ALS system is now widely recognized in
Japan.i-2 Some investigators have modified
the rapid HDF to continuous HDF (CHDF)
with also good results.#3-16 A pational annu-
al surveillance study supported by the
Ministry of Health, Welfare and Labor of
Japan, which collected data from 1998 to
2003, reported the use of PE and HDF/CHDF
in 91.5% (637/696) and 74.6% (519/696) of
patients with FHF or late-onset hepatic failure,
respectively 57 (Figure 4). Recently, recovery
from brain edema in severe FHF was report-
ed using this methods of ALS system.® The

September 2000

— 618 —



LIVER SUPPORT SYSTEMS AS PERIOPERATIVE CARE

beneficial effect was explained by the efficient
removal of small molecules such as ammonia
and glutamine (Gln), which contribute to
brain edema along with MMS.5% 6 Brain ede-
ma is a lethal complication of FHF and HDF
using high volume of buffers is an essential
tool to manage brain edema effectively. We
also measured the level of Gln in the dis-
carded buffer and also estimated the distrib-
ution volume of Gin. In a patient with an
ahepatic state who underwent ALS using over
300 L of buffer, the total amount of removed
Gln ranged from 188 947 umol to 41 165
umol. The estimated distribution volume of
Gln ranged from 30 L to 60 L. There is a sig-
nificant relationship between total buffer vol-
ume and estimated distribution of Gln. Huge
amount of buffer can remove huge amount
of GIn.*! These results indicate that HDF using
high-volume buffer can remove Gin not only
from extracellular fluid but from intracellular
fluid. Under the HDF using high-volume
buffers, monitoring of intracranial pressure
and cerebral blood flow becomes unneces-
sary. It also provides the clinician with
enough time to judge whether liver trans-
plantation is indicated and can avoid unnec-
essary liver transplantation.

Consensus in Japan was reached at the
recent symposium of the Japanese Society
for Apheresis held in Ohtsu, Shiga on July
28, 2006 that the effectiveness of the ALS sys-
tem depends on the volume of buffer used,
regardless of whether HDF is performed
rapidly or continuously. In addition to the
successful 114-day sustainment of a patient
with subacute FHF non-A~non-B infection,
whose liver failure was judged to be as severe
as an hepatic state because of the loss of
hilirubin conjugation capacity and urea cycle
activity, as well as severe liver atrophy (liver
weight 210 g at autopsy) (Figure 2),% Inoue
reported another five patients with hypera-
cute FHF due to hepatitis B virus infection
who were also judged to be ahepatic that
were sustained alive for a long term.%2 One
patient subsequently received a successful
live donor liver transplant.®s Two similar
hyperacute cases have been also reported,™
suggesting that PE in combination with high-
volume HDF can sustain patients with the

Vol. 56, No, 3

INOUE

severest liver failure, comparable to an hepat-
ic state, who otherwise would not survive,
until liver transplantation is possible.

These results suggest that PE in combina-
tion with high-volume HDF or CHDF is the
only reliable ALS system for Japanese clini-
cians who are routinely attempting to sus-
tain patients with FHF and related severe liv-
er diseases, although the efficacy of the
method has not been ascertained by RCT.5 A
small randomized trial comparing low-vol-
ume and high-volume buffer for HDF in a
safety manner may be helpful to evaluate the
effectiveness of the therapy.

Conclusions

PE in combination with high-volume HDF
or high-flow CHDF has become a standard
ALS system in Japan. It is rare for only one
system of ALS to be used throughout one
country. The rationale of the system is simple.
While PE replenishes depleted plasma com-
ponents, toxic substances of middle molec-
ular weight are removed more safely and
efficiently than other previous methods by
HDF or CHDF using high-volume buffers.
This treatment system not only sustain the
patient in good condition until the liver recov-
ers or an adequate donor is found, but may
also make perioperative care simpler.

Riassunto

Sisternti i supporto epatico come trattamento perio-
peratorio nel trapianto di fegato— prospettiva storica
e recentt progressi in Giappone

Una meta-analisi sullefficacia dei sistemi di sup-
porto epatico artificiale Cartificial liver support, ALS)
nei casi di insufficienza epatica fulminante (filni-
nant hepatic failure, FHF) eseguita dal gruppo
Cochrane Hepato-Biliary Group ha dimostrato che
tutti i sistemi di ALS precedentemente sviluppati era-
no inefficaci nei pazienti afferti da FHF, Questo sup-
porta la teoria che 'unico tratamento di elezione per
la FHF sia il trapianto di fegato immediato. Lo scam-
bio di plasma, in combinazione con emaodialisi ad
alto volume o emodialisi ad alto flusso continuo uti-
lizzando membrane a pori larghi, che era stato esclu-
s0 dalla meta-analisi di Cochrane a causua della man-
canza di trial di controllo randomizzati, € invece
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diventato un sistema ALS standard in Giappone.
Questo sistema risulta sicuro ¢ rimuove in maniera
efficiente pit sostanze tossiche di medio e basso pesa
molecolare degli altri metodi, utilizzando grandi volu-
mi di tamponi (pit di 200 litrd per sessione). con il
risultato di un risveglio dal coma nei pazienti con
FHF grave comparabile a uno stato anepatico, Questi
sistemi di supporno epatico artificiale mppresentano
strumenti efficaci per mantenere i pazienti affeni da
FHF in una condizione favorevole finché il fegato
non riprende la sua funzione o non diventa disponi-
bile un trapianto di fegato,

Parole chiave: Fegato - Insufficienza epatica - Emodia-
filtrazione - Scambio di plasma.
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Japanese-Style Intensive Medical Care Improves Prognosis for
Acute Liver Failure and the Perioperative Management of

Liver Transplantation

K. Inoue, T. Watanabe, N. Maruoka, Y. Kuroki, H. Takahashi, and M. Yoshiba

ABSTRACT

The Japanese style of intensive medical care for acute liver failure has yielded high
survival rates. The care system comprises artificial liver support (ALS) together with
treatment for the underlying disease. Plasma exchange in combination with high-
volume hemodiafiltration using an high performance membrane has become the
standard ALS system. It is safe, efficiently removing more low and middle molecular
weight toxic substances than other methods because of the large volumes of buffer
(more than 200 L per session), resulting in recovery from coma in patients with severe
fulminant hepatitis , a status comparable with the ahepatic state. This ALS is therefore
an effective tool to sustain patients with fulminant hepatitis in a favorable condition
until liver function recovers or liver transplantation becomes available. The accompa-
nying treatment for underlying disease serves to limit the liver destruction that
hampers regeneration. The treatment has remarkably improved the prognosis for
patients with subacute types of fulminant hepatitis, which generally carry a less
favorable prognosis than the acute type. This treatment system thus provides more
time for physicians to assess the indications for liver transplantation as well as giving
the patient a greater chance of undergoing transplantation.

THE LIVER has a great capacity for regeneration,
matched only by bone marrow and skin. Vigorous
regenerative activity is illustrated by the fact that the liver
almost regains its original size within a month after exten-
sive hepatectomy. Thus, living-donor liver transplantation
(LDLT) has been successfully performed as an alternative
to cadaveric donor liver transplantation (CDLT). In recent
years, adult patients with end-stage liver diseases have
received grafts containing approximately two thirds of the
whole liver.

Fulminant hepatitis (FH) is characterized by sudden,
severe liver dysfunction leading to coagulopathy and he-
patic encephalopathy despite no known underlying liver
disease. In Western countries the onset of coma within 8
weeks from the first sign of symptoms is a widely accepted
diagnostic criterion.> Many therapeutic efforts have ob-
tained high survival rates in FH, although orthotopic liver
transplantation (OLT) including LDLT is currently the only
reliable treatment; it results in 60% to 80% survival rates.
However, OLT is expensive, and recipients shoulder the
adverse effects of life-long immunosuppression. In cases of
LDLT, donors also often experience serious physical and

© 2010 by Elsevier Inc. All rights reserved.
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mental stress.* Furthermore, the increasing incidence of
end-stage liver disease has meant that the number of
patients awaiting liver transplantation has far outgrown the
number of available grafts. Priority for graft distribution has
always been based on urgency. Patients with FH are ranked
first; therefore, it is essential to avoid unnecessary liver
transplantation.

In Japan, intensive medical care for FH was developed
originally to meet specific circumstances. The major princi-
ple of this care system is an artificial liver support (ALS)
system comprising plasma exchange and hemodiafiltration
using huge buffer volume.> ALS is effective for safely
sustaining patients in good condition; Over 90% of patients
treated in this fashion regain consciousness.® After estab-
lishing the ALS, we also developed a treatment regime for
the underlying hepatitis, which is often neglected except for

From the Division of Gastroenterology, Showa University
Fujigaoka Hospital, Yokohama, Japan.

Address reprint requests to Kazuaki Inoue, MD, PhD, Showa
University Fujigaoka Hospital, 1-30 Fujigaoka, Aoba-ku 227-8501,
Yokohama, Japan. E-mail: kazu-inoue@med.showa-u.ac.jp

0041-1345/-see front matter
doi:10.1016/j.transproceed.2010.09.073

4109

— 622 =



4110 INOUE, WATANABE, MARUOKA ET AL
Table 1. Survival Rate of Fulminant Hepatitis by Intensive Medical Care
Cause HBV (acute), HBV (carrier), Non-A~Non-G, Autoimmune Hepatitis

Type HAV, n (%) n (%) n (%) n (%) Drug, n (%) (AIH), n (%) Total, n (%)
Hyper-acute 0/3 (0) 0/3 (0)
Acute 17/18 (94) 15/18 (83) 0/1 (0) 3/4 (75) 1/1 (100) 36/42 (86)
Subacute 1/1 (100) 3/3 (100) 10/11 (91) 14/22 (64) 2/4 (50) 2/4 (50) 32/45 (71)
Subtotal 18/19 (95) 18/24 (75) 10/12 (83) 17/26 (65) 3/5 (60) 2/4 (50) 68/90 (76)
LOHF 1/1 (100) 5/12 (42) 1/1 (100) 1/2 (50) 8/16 (50)
Severe acute hepatitis 6/6 (100) 10/10(100)  15/15 (100) 14/16 (86) 4/4 (100) 2/2 (100) 51/53 (96)
Total 26/28 (93) 28/36 (78) 34/64 (53) 36/54 (67) 8/10 (80) 5/8 (63) 137/200 (69)

NOTE: One of 3 hyper-acute type underwent living donor liver transplantation and survived. Four of 13 patients with fulminant hepatitis subacute type who failed
to respond intensive medical care underwent living donor liver transplantation and 2 of 4 survived.

HAV, hepatitis A virus; HBV, hepatitis B virus; LOHF, late-onset hepatic failure.

the administration of N-acetylcysteine (NAC) in cases of
paracetamol intoxication. When liver destruction is pro-
gressive or persistent, the liver never regenerates despite its
inherent regenerative capability.’

Herein, we have reported excellent outcome of the
Japanese intensive medical care system for patients with
FH. This study also evaluated physicians’ ability to assess
indications for OLT in FH to ensure appropriate use of the
limited organs available.

PATIENTS AND METHODS

Our study group of 159 patients comprised 90 cases of FH, 16 of
late-onset hepatic failure (LOHF), and 53 of severe acute
hepatitis (SAH). FH was defined by the development of coagu-
lopathy (equal to or less than 40% of prothrombin time) and
hepatic encephalopathy (HE; grade II or greater) within 8 weeks
of symptom onset among patients without a known underlying
liver disease. Development of HE within 10 days was defined as
FH acute type and, after 11 days, as FH subacute type. We also

Fig 1. Circuit diagram of pl-

asma exchange in combination

with hemodiafiliration using high-
performance polysulfone mem-

brane. Substitution fluid com-

prising ultra-pure water and Double
high-quality concentrate was in- Lumen
fused in the predilution mode at Catheter
15 to 20 L/h concomitantly with

dialysate at a flow rate of 500

mL/min. The substitution fluid

was supplied through a hygienic

flow path. The hemodiafilter

used was Toraysulfone TS-

BP1.8L (Toray Medical Co, To- PS
kyo, Japan). The anticoagulant

for the artificial liver support was
nafamostat mesilate (Futhan;

Torii, Tokyo, Japan) at a priming

dose of 30 mg and at a contin-

uous dose of 30 mg/h.

: polysulfone

defined a FH hyper-acute type, namely liver failure comparable
with an ahepatic state that developed within 5 days of the initial
symptom. The ahepatic state was characterized by severe im-
pairment of urea cycle and bilirubin conjugation, requiring a
blood urea nitrogen less than 1 mg/dL and direct bilirubin to
total bilirubin ratio less than 0.1. LOHF was defined by the
development of the same HE and coagulopathy as FH within 8
to 24 weeks of symptom onset. SAH was defined by the same
coagulopathy as FH but without or with grade I HE (Table 1).
Immediately after the onset of hepatic coma, patients were
placed on ALS involving plasma exchange and hemodiafiltration
using high-performance membranes and huge volumes of buffer
(Fig 1). Treatment for underlying hepatitis consisted of immu-
nosuppressive therapy using a methylprednisolone pulse fol-
lowed by withdrawal and continuous infusion of cyclosporine
(Fig 2). Antiviral treatment comprised interferon beta (IFN-B)
and/or Entecavir (ETV). The indication for IFN-B was a patient
whose underlying disease entailed persistent viral replication
including indeterminate cases when autoimmunity or drugs had
been excluded as the etiology. The indication for ETV was a

Fresh
Frozen
Plasma

Substitution fluid

Plasma 1
Separator |

Hemodia-
filtration
PS - Apparatus
Patients | Membrane £22”
Plasma Blood stream

Dialysis fluid 500ml/min.
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Methylprednisolone

1000 mg

750 mg

day 0 2 4 6 5 o 12

Cyclosporin A
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Fig 2. Immunosuppressive protocol comprised a methylpred-
nisolone pulse followed by a slow withdrawal and continuous
infusion of cyclosporin A. The target level of cyclosporin A was
250 to 350 ng/mL.

img’ Kg

patient whose underlying disease was persistent hepatitis B virus
(HBV) replication (Fig 3).

RESULTS

Of the 90 FH cases, 3 were the hyper-acute type; all had
acute hepatitis B virus (HBV) infections and had pro-
gressed to severe liver failure comparable with an ahepatic
state. They were immediately placed on ALS including PE
and HDF, which sustained them in a good condition. One
of the 3 patients subsequently survived LDLT. Although
the ALS system sustained the other 2 patients in favorable
condition for more than 2 weeks, they subsequently died
because an organ donor could not be found.

Other FH cases included 42 acute-type FH, most of
whom had acute infections with hepatitis A virus or HBV;
among them, 36/42 (86%) survived ALS. The remaining 45
patients were FH subacute type with 32 (71%) surviving
after placement on the ALS system and undergoing treat-
ment for the underlying liver disease. Among the remaining
13 patients four underwent LDLT and 2 were survivors.
The survival rate of LOHF patients under the same treat-
ment as FH subacute type was 50% (8/16). Among the 53
SAH patients, 51 survived (96%) with 2 succumbing to a
fungal infection or aggravation of malignant lymphoma.
After several ALS sessions, 109 of 116 (94%) patients
regained consciousness. The 2-week survival rate was 107 of
116 (92%). Brain edema observed in a few cases was
reversible by several sessions of ALS in most cases.

DISCUSSION

We attained high survival rates among FH patients using
the Japanese style of intensive medical care. Several blood
purification methods have been developed in Japan since

4111

the late 1970s. The first method of PE was effective to
replenish depleted plasma components, especially coagulation
factors, but was of limited effectiveness to remove substances
displaying a large body pool such as glutamine (Gin), which
causes brain edema.® For the efficient, safe removal of low and
middle molecular substance with large body pools, we devel-
oped HDF using large-pore high-performance membranes.
More than 90% of unselected patients treated in this way
regained full alertness. Brain edema and renal failure are
regarded as destined complications of FHF. They are seen
in only a few percent of patients and are mostly reversible.
Our ALS system uses more than 200 L of buffer per session
to cleanse the patient’s blood. Removal of Gln clearly
depends on the buffer volume per session. Under HDF
using high-volume buffers, monitoring of intracranial pres-
sure and cerebral blood flow becomes unnecessary. This
strategy also increases the time for clinicians to judge
whether liver transplantation is indicated, thus avoiding
unnecessary procedures.

We divided cases of FH into transient and persistent
types based on the mode of infection. The Transient type is
characterized by a rapid eradication of causal viruses like
HAV and acute HBV infection. The persistent type is
typified by persistent or even chronic replication of causal
viruses such as in HBV carriers because of HCV, HDV, and
presumably non-A-non-G virus. Interestingly, the majority
of patients with acute type of FH according to the Japanese
criteria, namely, coma occurring within 10 days of first onset
of symptoms, was of the transient type; whereas most
subacute-type FH patients were the persistent type.

Hepatitis treatment differs between the transient and
persistent type. In FH acute type, effective ALS causes liver
destruction to cease spontaneously with eradication of the
causal virus resulting in rapid recovery and survival. Among
our 42 patients, 36 patients (86%) survived without liver
transplantation. Exceptional cases are the hyper-acute type
whose liver progresses into an ahepatic state as exemplified
by a rapid loss of direct bilirubin and blood urea nitrogen.
PE in combination with HDF was an effective tool to
sustain patients in a favorable condition allowing physicians
time to find a donor organ. In the present study, 1 patient
of this type was fortunate enough to receive an LDLT in
time. In the persistent type, which corresponds to the FH
subacute condition, liver damage must be limited to prevent
destruction beyond the limit of regeneration. In our expe-
rience between 1986 and 1993, only 38% of patients with

IFNB 3 MU/day or | MU x 2 -3 /day

ETV 0.5 mgor | mg/ day

Fig 3. Antiviral treatment comprised interferon g and Entecavir.
Interferon B was administered 3 MU daily or 2 or 3 times of 1 MU
daily. Entecavir was administered 0.5 mg or 1 mg daily. IFN,
interferon; ETV, Entecavir.
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the persistent type finally survived despite more than 90%
of them regaining full alertness (data not shown). Con-
fronted by this insufficient result, we originally elaborated
the treatment to terminate liver destruction of the latter
type. Because viral replication is persistent in this type, we
have administered IFN universally for cases presumed to be
viral hepatitis and a nucleotide/nucleoside analogue for FH
because of persistent HBV infection. For the indeterminate
cases, we administered IFN on the assumption that it was
related to a viral infection of some type. In combination
with antivirals, we administer immunosuppressive agents
that dampen host cytotoxic immunologic reactions in FH.
Figure 2 illustrates the scheme of our immunosuppressive
treatment, for which we have already presented some
preliminary results.” The combination therapy seeks to
rapidly reduce transaminase levels. After establishing the
treatment for the underlying disease, the survival rate
among patients with the persistent type of FH increased to
71% (32/45) in the present study.

In conclusion, The Japanese treatment system remark-
ably improved the prognosis of acute liver failure. The
treatment system sustained patients in good condition until

INOUE, WATANABE, MARUOKA ET AL

the liver recovered or an adequate donor was found,
allowing more appropriate perioperative management and
determination of organ allocation.
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Although PCR-based in situ hybridization (PCR-ISH) can be used to determine the distribution and
localization of pathegens in tissues, this approach is hampered by its low specificity. Therefore, we used a
highly specific and sensitive PCR-ISH method to reveal the lobular distribution and intracellular localization
of hepatitis B virus (HBV) and HCV in chronic liver disease and to clarify the state of persistent HBV and HCV
infection in the liver. HBV genomic DNA was detected in almost all hepatocytes, whereas HBV RNA or protein
was differentially distributed only in a subset of the HBV DNA-positive region. Further, HCV genomic RNA was
detected in almeost all hepatocytes and was localized to the cytoplasm. HCV RNA was also detected in the
epithelium of the large bile duct but not in endothelial cells, portal tracts, or sinusoidal lymphocytes. In
patients with HBV and HCV coinfection, HCV RNA was localized to the noncancerous tissue, whereas HBV
DNA was found only in the cancerous tissue. Using this novel PCR-ISH method, we could visualize the staining
pattern of HBV and HCYV in liver sections, and we obtained results consistent with those of real-time detection
(RTD)-PCR analysis. In conclusion, almost all hepatocytes are infected with HBV or HCV in chronic liver

disease; this finding implies that the viruses spreads throughout the liver in the chronic stage.

Hepatitis B virus (HBV) and hepatitis C virus (HCV) are
the primary causative agents of chronic liver disease (2, 9, 17).
HBYV infection remains a global health problem; it is estimated
that 350 million individuals are persistently infected with the
virus and that approximately 15% to 25% of these individuals
will die due to the sequelae of the infection (23, 29). Further,
more than 170 million people are infected with HCV world-
wide (21). HCV has a single-stranded RNA genome (8, 19),
does not have canonical oncogenes, and can easily establish
chronic infection without integration into the host genome (3,
20), resulting in hepatic steatosis and hepatocellular carcinoma
(HCC) (28). The viruses share a similar route of transmission,
such as via the transfusion of infected blood or body fluids or
use of contaminated needles.

Several studies have shown that 10% to 35% of the individ-
uals infected with HBV also have HCV infection, although the
prevalence varies depending on the population studied (4, 32,
34). The relationship between coinfection and acceleration of
malignant transformation remains unclear, but HBV and HCV
coinfection seems to alter the natural history of both HBV-
related and HCV-related liver disease (2, 12). HCV has been
shown to inhibit HBV gene expression (7, 15). The high prev-
alence of occult HBV infection may indicate that HCV also
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inhibits HBV replication (34). Most epidemiological studies of
HBYV have been performed by using diagnostic serological
assays (16). We recently used a novel, highly sensitive diagnos-
tic PCR method to demonstrate that the HBV genome is
detectable in the sera of a substantial proportion of patients
with chronic HCV infection who are seronegative for the stan-
dard HBV-related markers (1, 34). Further, we reported the
levels of HBV DNA and HCV RNA in cancerous and non-
cancerous liver tissue using real-time detection (RTD)-PCR
(34). RTD-PCR is an accurate assay method, but it can deter-
mine the levels of genomic DNA and RNA only in homoge-
nized tissue. In this study, we developed a PCR-based in situ
hybridization (PCR-ISH) method for detecting and visualizing
HBV DNA, HBV RNA, and HCV RNA and comparing their
protein expression patterns, with the aim to reveal the lobular
distribution and intracellular localization of HBV and HCV in
chronic liver disease and to clarify the state of persistent HBV
and HCV infection in the liver.

MATERIALS AND METHODS

Patients. Twenty-nine patients were admitted to Tokyo Metropolitan Koma-
gome Hospital for the treatment of hepatic tumors. Of these patients, 14 were
considered to have chronic HCV infection (persistently positive results for HCV
antibody), 8 were diagnosed with chronic hepatitis B (persistently positive results
for HBV surface antigen [HBsAg]), and 7 showed negative results for both viral
markers but had metastatic liver cancer (6 with colonic cancer and 1 with gastric
cancer). We used four samples from seven patients as controls for PCR-ISH and
four samples from seven patients as controls for reverse transcriptase PCR
(RT-PCR)-ISH (Table 1). Of the 14 patients with chronic hepatitis C, two
showed positive results for HBV DNA by RTD-PCR. HBsAg and second-
generation HCV antibody were measured by using enzyme-linked immunosor-
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TABLE 1. Patient profiles and results of the present study
) . Serum Serum HCV RNA
Patient Age Gender® HCV HBs .leer RT-PCR-ISH PCR-ISH HBV DNA IFN Note
no. (yr) antibody Ag  histology HCV HBV (copies/ . . treatment
ml)? Copies/ml KIU/ml
1 53 M - +  A2F3 + 1.1 x 10? -
2 42 M - + A2F2 + 40 x 10° - Fig. 2A
3 43 M - + A2F3 + 1.6 x 107 =
4 53 M = + A2F4 + 6.4 x 10° = Fig. 1A
5 55 M = + A2F3 -+ 1.0 x 10° = Fig. 3A
6 54 M - + A2F4 - + NT* -
7 31 M - + A3F3 + 3.0 X 10° +
8 61 F - + A3F3 + NT -
9 63 M + - A3F4 + - 5.6 x 10° - Fig. 4D
10 56 M + - A2F3 + - NT +
11 67 F + - A3F4 = - NT -
12 73 M + - AZF4 + 1.2 x 108 - Fig. 1B
13 68 F + - A3F4 + 1.1 x 108 -
14 76 F + -  A2F4 + 9.5 x 10° - Fig. 4A
15 62 M + -  A2F3 + 72 %X 10° -
16 65 M + - A3F4 + NT -
17 60 F + - A3F4 + 41 -
18 48 F + - A2F1 + 7.6 x 10° >850 - Fig. 4C
19 43 M + - A2F3 + 389 -
20 59 M + - A2F3 + >850 -
)} 72 F + -  A2F4 + + 3.9x10' 5.0x% 107 Fig. 5
22 69 M + - A2F3 + + 50x10' 3.0 x 107
23 69 M - —  Normal - - Gastric cancer
24 58 M - —  Normal - Colon cancer
25 58 M - —  Normal - Colon cancer
26 59 F = —  Normal - Colon cancer
27 65 M - —  Normal - Colon cancer
28 47 M - —  Normal - Colon cancer
29 81 F - —  Normal = Colon cancer

“ M, male; F, female.

b Serum HBV DNA was positive in patients 21 and 22.
¢ NT, not tested.

4 KIU, kilo international units.

bent assay (ELISA) kits (Abbott Laboratories, Chicago, IL, and International
Reagent Corp., Kobe, Japan, respectively). All 29 patients underwent hepatic
resection. Histological evaluation of the liver was carried out according to the
METAVIR scoring system (3).

Ethical approval. The Institutional Review Board of Tokyo Metropolitan
Komagome Hospital approved the study. Written informed consent was ob-
tained from all the subjects.

Sample preparation. The liver tissue samples for HBV DNA detection were
fixed in 10% buffered formalin (pH 7.4) for 18 h, embedded in paraffin, cut into
6-pm-thick sections, and mounted on silane-coated glass slides for use with a
GeneAmp in situ PCR system 1000 unit (Applied Biosystems, Foster City, CA).
The slides were washed thrice in xylene for 8 min at each washing, rinsed thrice
in 99.5% ethanol and 75% ethanol for 5 min at each rinsing, and rehydrated in
distilled water for deparaffinization. For detecting HBV mRNA and HCV RNA,
OCT-embedded frozen liver tissue samples were cut into 10-pwm-thick sections
and mounted on silane-coated glass slides. They were then fixed in 10% buffered
formalin (pH 7.4) for 17 to 21 h, rinsed twice in distilled water treated with 0.01%
diethylpyrocarbonate (DEPC) for 2 min at each rinse, rinsed in 99.5% ethanol
for 1 min, and then air dried and stored at —80°C until use. The tissue sections
on the glass slides were digested with proteinase K (1 to 30 pg/ml and 1 to 200
pg/ml for the noncancerous and cancerous regions of the paraffin-embedded
sections, respectively; 0.008 to 1.0 pg/ml for the frozen sections) in 50 mM Tris
(pH 75) at 37°C for 30 min in a humidified chamber. Subsequently, proteinase
K was inactivated at 97°C for 10 min, and then the sections were rinsed with
distilled water, dehydrated in 99.5% ethanol, and air dried.

Primers and probes for PCR-ISH and RT-PCR-ISH. The primers used to
amplify the S and X regions of HBV and the 5 untranslated region (5-UTR) of
HCV as well as the corresponding probes are listed in Table 2. We created a

digoxigenin (DIG)-dUTP tail at the 3’ end of the 5'-DIG probe using a DNA
tailing kit (Roche, Basel, Switzerland).

PCR-ISH for detecting HBV DNA. PCR was performed by using one of two
sets of antisense and sense primers complementary to the sequences located in
the S and X regions of HBV. The PCR mixture contained 10 mM Tris-HCI (pH
8.3), 50 mM KCl, 3.0 mM MgCl,, 0.8 mM each primer, 197 mM deoxynucleoside
triphosphates (dNTPs), and 10 U/50 pl Tag DNA polymerase (AmpliTaq Gold;
Applied Biosystems).

The tissue slides were warmed to 70°C, and 50 pl of the PCR mixture was
overlaid onto the proteinase K-treated tissue specimens. An Ampli cover disc
with Ampli cover clips (Applied Biosystems) was attached to each specimen. The
slides were placed in the GeneAmp in situ PCR system 1000 unit at 70°C. PCR
was performed at 95°C for 10 min, followed by 35 to 55 cycles at 95°C for 30 s and
60°C for 2 min and a final extension at 72°C for 10 min. Immediately after the
PCR, the slides were fixed in 4% paraformaldehyde in phosphate-buffered saline
(PBS) for 10 min at 37°C, washed in 2X SSC (1X SSC is 0.15 M NaCl plus 0.015
M sodium citrate) for 2 min, rinsed with distilled water for 2 min, dehydrated in
99.5% ethanol for 1 min, and then air dried. ISH was performed by mixing the
DIG-labeled probe (final concentration, 100 ng/ml) with 65 pl of hybridization
buffer (50% deionized formamide, 4x SSC, 1X Denhardt’s solution [0.2% bo-
vine serum albumin {BSA}, 0.2% polyvinyl pyrrolidone, 0.2% Ficoll 400], 100
p.g/ml denatured salmon sperm DNA, 100 pg/ml yeast RNA, and 1 mM EDTA)
and then adding the mixture to each section, heating to 97°C for 10 min, and
cooling to 37°C in decrements of 1°C/min (27). Hybridization was carried out
overnight at 37°C. Stringency washes were conducted with the following: 2X SSC
twice for 10 min at 37°C, 0.03X SSC for 10 min at 50°C, 0.1% Triton X-100 in
TBS (0.1 M Tris [pH 7.5], 0.1 M NaCl) for 10 min at room temperature, and TBS
for 5 min at room temperature. After incubation in blocking reagent (0.1 M Tris
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[pH 7.5}, 0.1 M NaCl, 10% sheep serum, 3% BSA) at room temperature for 15
min, the slides were covered with 100 pl anti-DIG antibody conjugated with
alkaline phosphatase (Roche) and diluted at 1:900 with 1% BSA in TBS at 37°C
for 60 min. After this reaction, the slides were washed twice (3 min each) with
0.1% Triton X-100 in TBS, then with TBS alone, and finally with APS (0.1 M Tris
[pH 9.0], 0.1 M NaCl, 50 mM MgCl,) at room temperature. The slides were
incubated in 100 pl dye solution (338 pg/ml nitroblue tetrazolium chloride
[NBT], 175 pg/ml 5-bromo-4-chloro-3-indolyl-phosphate 4-toluidine salt [BCIP],
and 450 pM Levamisole [Vector Labs, Burlingame, CA] in APS) at 37°C in the
dark. After sufficient color development, they were washed with deionized water
for 1 min and then mounted with aqueous mounting medium.

RT-PCR-ISH for detecting HBV RNA. The OCT-embedded frozen sections
were placed on glass slides. After proteinase K treatment, the tissue sections
were digested with RNase-free DNase I (Roche; diluted to 3 U/ul in 0.1 M
sodium acetate and 5 mM MgSO,). The DNase I reaction mixture (66 wl) was
overlaid onto the tissue sections, which were then enclosed in a frame. The slides
were reacted in an aluminum box at 37°C for 20 min and inactivated at 97°C for
10 min. They were then washed in DEPC-treated water, dehydrated in 99.5%
ethanol, and air dried.

Moloney murine leukemia virus (MMLV) reverse transcriptase (10 U/ul;
Invitrogen, Carlsbad, CA) was used in a reaction mixture containing 10 mM
Tris-HCl (pH 8.3), 50 mM KCl, 5.0 mM MgCl,, 1 uM antisense primer, 1 mM
dNTPs, 2 U/ul RNase inhibitor (Takara, Otsu, Japan), and 10 mM dithiothreitol
(DTT). The specimens were then overlaid with the mixture, reacted at 42°C for
60 min, washed with distilled water, dehydrated in 99.5% ethanol, and air dried.
The subsequent procedures were the same as described for PCR-ISH.

Immunohistochemical staining for detecting HBV proteins. Deparaffinized
formaldehyde-fixed sections or fixed frozen liver tissue sections on glass slides
were soaked in distilled water, digested with 0.1% pronase (protease P8038
XXIV; Sigma-Aldrich, Tokyo, Japan) for 1 min, and washed with PBS at room
temperature. After 30 min of incubation in blocking reagent (1% BSA and 2.5
mM EDTA in PBS) at room temperature, the slides were reacted with 100 pl of
anti-HBs and anti-HBc polyclonal antibody solutions for 3 h at room tempera-
ture and then overnight at 4°C. The following polyclonal antibodies were used:
anti-HBs rabbit polyclonal antibody anti-HBc rabbit polyclonal antibody (Novo-
castra Laboratories, Newcastle, United Kingdom), or normal rabbit serum di-
luted in blocking reagent. After the reaction, the slides were washed four times
with PBS at room temperature and incubated for 60 min at room temperature in
100 pl anti-rabbit IgG conjugated with peroxidase (Amersham ECL; GE Health-
care, Piscataway, NJ) diluted to 1:100 in blocking reagent. The slides were then
washed four times with PBS at room temperature and stained by using 3,3'-
diaminobenzidine tetrahydrochloride (DAB) (Vector Labs). Following counter-
staining with Mayer’s hematoxylin solution, the tissue specimens were dehy-
drated in 99.5% ethanol and 80% xylene. The slides were sealed by using Bioleit
(Oken Shoji, Tokyo, Japan).

RT-PCR-ISH for detecting HCV RNA. HCV RNA was detected by using
methods similar to those used for detecting HBV RNA except for the following
steps: the DNase I step was omitted, and 1.5 mM MgCl, was used in the PCR
mixture.

Primers and probe sets in RTD-PCR for quantifying HBV DNA, HCV RNA,
B-actin DNA, and GAPDH mRNA. The primer sets to quantify the S and X
regions of HBV were the same as those used for PCR-ISH. The TagMan probes
for these regions, the primers and probe designed to quantify the 5'-UTR of
HCV (33), and those used to quantify B-actin genomic DNA and GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) mRNA (internal control) are
shown in Table 2. Each PCR comprised 50 cycles (95°C for 30 s, 60°C for 40 s,
and 72°C for 30 s) in a real-time PCR system (ABI Prism 7700 sequence detector
system; Applied Biosystems).

Amplicor monitor assays. The Amplicor monitor assays were performed as
described previously (22, 24, 33, 36).

HE staining. HBV- or HCV-infected deparaffinized formaldehyde-fixed sec-
tions or fixed frozen liver tissue sections were stained with hematoxylin and eosin
(HE).

LCM of liver tissue. A frozen liver tissue sample was sectioned by using a
cryostat and fixed in acetone, followed by HE staining. Laser capture microdis-
section (LCM) was performed by using an LM 200 system (Olympus, Tokyo,
Japan) as described previously (6, 11). This procedure produced approximately
30 hepatocytes from each of three areas (perivenular, intermediate, and peri-
portal) in the section. Total RNA was extracted from the LCM samples, and
HCV RNA and GAPDH mRNA were quantified by RTD-PCR.
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FIG. 1. (A) Panels a and b, HBV DNA detected by PCR-ISH and
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2.0x10° copies HCV
RNA/ug total RNA

2.0x102 copies HCV
RNA/ug total RNA

o
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immunohistochemical staining in noncancerous (Non-Ca) (panel a) and

cancerous (Ca) (panel b) liver tissues obtained from a patient infected with HBV. The numbers of PCR cycles were 37 and 42, respectively. Panels
¢ and d, serial sections were stained with HE. Magnification, X400. S+8, primers and probe targeting the S region of HBV DNA. (B) Panels a
and b, HCV RNA detected by RT-PCR-ISH (45 cycles of PCR) in noncancerous (panel a) and cancerous (panel b) tissues obtained from a patient
infected with HCV. Panels ¢ and d, no HCV RNA was detected in the RT-negative controls. Panels e and f, serial sections were stained with HE.

Magnification, X400.

RESULTS

Sensitivity and specificity of PCR-ISH versus RTD-PCR for
detecting HBV DNA and HCV RNA. PCR-ISH showed positive
results for HBV DNA in 10 tissue specimens from eight
HBsAg-seropositive patients and two patients whose serum
HBV DNA was barely detected by RTD-PCR despite being
their HBsAg negative (patients 21 and 22) (Table 1). PCR-ISH
yielded negative results for four patients who were negative for
serum HBsAg and HCV antibody (patients 23, 24, 28, and 29)
and three patients who were negative for serum HBsAg but
positive for HCV antibody (patients 9 to 11).

Thirteen of the 14 tissue specimens from the patients with
serum HCV antibody had a positive result for HCV RNA by
RT-PCR-ISH (sensitivity, 92.9%). In contrast, HCV RNA was
not detected by RT-PCR-ISH in four tissue specimens from
the patients negative for both HCV antibody and HBsAg (pa-
tients 23, 25, 26, and 27) or in the sample from an HBsAg-
positive and HCV antibody-negative patient (patient 6).

We performed PCR-ISH and RT-PCR-ISH on the same
HBV- or HCV-infected samples from noncancerous and can-
cerous regions in which we had previously quantitated viral
genomic DNA or RNA by RTD-PCR (34). The noncancerous
tissue contained 6.1 X 10° copies of HBV DNA/pg total DNA,
and the cancerous regions included 4.5 X 10° copies/pg total
DNA. Equivalent numbers of cells in the noncancerous and
cancerous tissues stained positive for HBV on PCR-ISH (pa-
tient 4; Fig. 1A). The PCR-ISH results were consistent with the
HBV DNA copy number previously determined by RTD-PCR
(34).

Noncancerous tissue from an HCV-positive patient con-
tained 2.0 X 10° copies HCV RNA/pg total RNA, whereas
cancerous tissue contained 2.0 X 10? copies/ug total RNA

(patient 12; Fig. 1B). HCV RNA was observed by RT-PCR-
ISH in hepatocytes of the liver tissue sections from an HCV-
infected patient (Fig. 1B). In the noncancerous tissue, an in-
tense hybridization signal was found at the perinuclear sites of
almost all the hepatocytes in the section (Fig. 1B, panel a). In
contrast, in the cancerous tissue, there was only a weak HCV
RNA hybridization signal in the hepatocytes (Fig. 1B, panel b).
When the RT step was omitted (control), no HCV RNA was
detected in the noncancerous or cancerous tissue sections (Fig.
1B, panels ¢ and d). These results were consistent with the
previous quantitation of HCV RNA copy number by RTD-
PCR (34).

Detection of HBV DNA by PCR-ISH. HBV DNA was de-
tected by PCR-ISH in the tissue sections obtained from an
HBV DNA-seropositive patient. Amplified PCR products
were detected by using a probe for either the S or the X region
(Fig. 2A, panels a to d) but were not detected by using a
heterologous probe (Fig. 2A, panels ¢ and f). Amplification of
either the S or the X region of HBV DNA gave the same
pattern of hybridization (Fig. 2A, panels a to d). HBV DNA
was detected by PCR-ISH in almost all hepatocytes (Fig. 2A,
panels a to d) and was very obvious even under low magnifi-
cation (Fig. 2A, panels a and c). An intense hybridization
signal was observed predominantly at the perinuclear site un-
der high magnification (Fig. 2A, panels b and d). In contrast,
HBV DNA was not detected by using HBs- and HBx-matched
primer and probe combinations in sections obtained from an
HBV DNA-seronegative patient (data not shown). DNA frag-
ments amplified by using the S and X region primer sets were
179 bp and 161 bp, respectively (Fig. 2B). Sections from an
HBV DNA-seronegative patient were negative in the PCR
analysis (data not shown).
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A primer and probe
S+S - X+X

179 by
161 bp

X+X s+s

S+X

x1ﬁ0

x400

FIG. 2. (A) Panels a to f, HBV DNA detected in liver tissue sections from a patient with chronic hepatitis B by PCR-ISH (42 cycles of PCR).
Panels g and h, serial sections were stained with HE. Magnifications, X100 (panels a, c, e, and g) and X400 (b, d, f, and h). S+S, primers and probe
targeting the S region; X+X, primers and probe targeting the X region; S+X, primers and probe targeting the S and X regions, respectively.
(B) Amplified DNA fragments in the PCR mixture of the section in panel A visualized by 3% agarose gel electrophoresis. The PCR product of

the X region was 161 bp, and that of the S region was 179 bp.

Localization of HBV DNA, HBV RNA, HBsAg, and HBcAg
in liver tissue. HBV DNA, HBV RNA, HBsAg, and HBcAg
were detected by PCR-ISH, RT-PCR-ISH, and immunohisto-
chemical staining of serial sections from an HBV-infected pa-
tient (patient 5; Fig. 3A, panels a to h). HBV DNA was de-
tected in almost all the hepatocytes by PCR-ISH, although
there was wide variation in the hybridization signal intensity
between different areas of the section (Fig. 3A, panels a and b).
The staining pattern of HBV RNA was similar to that of HBV
DNA (Fig. 3A, panels ¢ and d). Intracytoplasmic and intranu-
clear staining for HBsAg and HBcAg, respectively, was found
in some hepatocytes (Fig. 3A, panels f and h). PCR and RT-
PCR results were confirmed by gel electrophoresis of the am-
plified products in the supernatant from the tissue section (Fig.
3B, panels a and b).

Detection of HCV RNA by RT-PCR-ISH. HCV RNA could
be detected by RT-PCR-ISH in almost all the hepatocytes in
the liver sections obtained from an HCV RNA-seropositive
patient (Fig. 4A, panels a and b). Under high magnification, a
strong HCV RNA signal was detected in the perinuclear area
(Fig. 4A, panel b). A negative-control test (no RT) did not
detect any HCV RNA (Fig. 4A, panels ¢ and d). The expected
162-bp DNA fragment amplified by RT-PCR in the superna-
tant from the tissue section was detected (Fig. 4B, lane 2). In

contrast, HCV RNA was not detected in the liver section
obtained from an HCV RNA-seronegative patient, regardless
of whether RT was used (data not shown).

Isolation of HCV RNA in hepatocytes by LCM. Hepatocyte
groups were captured from the perivenular, intermediate, and
periportal areas by LCM (Fig. 4C, panel a). HCV RNA was
quantified by RTD-PCR in approximately 30 hepatocytes cap-
tured by LCM and normalized against the picogram weight of
GAPDH mRNA (Fig. 4C, panels b to d); the HCV RNA levels
were equivalent in all three regions (Fig. 4C, panel d).

Detection of HCV RNA in the epithelinm of the large bile
duct. HCV RNA was detected by RT-PCR-ISH in the epithe-
lium of the large bile duct, which was surrounded by dense
fibrous and elastic tissue (Fig. 4D, panels a and b). In contrast,
no HCV RNA was detected in the epithelium of the small bile
duct. Further, HCV RNA was not detected in the portal vein
or its branches (Fig. 4D, panel a).

Detection of HBV DNA and HCV RNA in noncancerous and
cancerous liver tissue sections obtained from a patient with
HBYV and HCYV coinfection. Figure 5 shows the results for HBV
DNA and HCV RNA in liver samples from a patient with HCC
having HCV and HBV coinfection. The amounts of serum
HBV DNA and HCV RNA were 39 copies/ml and 5 X 107
copies/ml, respectively (patient 21) (34). In the noncancerous
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FIG. 3. (A) Panels a to h, HBV DNA, HBV RNA, HBsAg, and
HBcAg detected in OCT-embedded frozen liver tissue from a patient
with chronic hepatitis B by PCR-ISH (panels a and b), RT-PCR-ISH
(panels ¢ and d), and immunohistochemical staining (panels e to h).
Panels i and j, HE staining of serial sections. The primers and probe
targeted the S region to detect HBV DNA and HBV RNA. Antibodies
to the envelope and core proteins were used to detect HBsAg and
HbcAg, respectively. Magnifications, X50 (panels a, ¢, €, g, and i) and
X400 (panels b, d, f, h, and j). The number of PCR cycles was 42.
(B) Amplified DNA fragments in the PCR mixture of the section in
panel A. Panel a, the DNA fragments amplified by 42 cycles of PCR
were visualized by 3% agarose gel electrophoresis. Panel b, RT-PCR
after DNase I treatment (3 U/pl) and negative controls (no RT).
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tissue from the patient with HBV and HCV coinfection, there
was an intense hybridization signal for HCV RNA on RT-
PCR-ISH in almost all the hepatocytes (Fig. 5A, panel b).
There was also a positive but weak RT-PCR-ISH signal for
HCV RNA in the tumor hepatocytes (Fig. 5B, panel b). Few
hepatocytes in the cancerous tissue were positive for HBV
DNA by PCR-ISH (Fig. 5B, panel a), and no HBV DNA
hybridization signal was detected in the noncancerous tissue
(Fig. 5A, panel a).

DISCUSSION

The standard assay for detecting replication of HBV and
HCYV in tissue is ISH, but results are often inconsistent and
sometimes difficult to reproduce. The specificity of ISH is high
but its sensitivity low, and it is difficult to detect low copy
numbers of the HBV or HCV genome in tissue. PCR technol-
ogy has been adapted to in situ amplification of viral genomes
or their replicative intermediates in liver tissue sections, but
sensitivity and specificity remain major challenges to the ap-
plication of this approach (13, 18, 23, 25, 26, 30, 31). Here, we
describe the use of a novel, highly specific and sensitive PCR-
ISH method to determine the distribution and localization of
HBV DNA, HBV RNA, and HCV RNA in both normal and
cancerous liver tissues.

PCR-ISH is the most sensitive technology currently avail-
able for the detection of viral genomes, but a major potential
limitation of this approach is the low specificity. We were able
to improve the specificity of PCR-ISH by careful optimization
of certain steps. PCR was performed using sets of antisense
and sense primers that were complementary to the sequences
located in the S and X regions of HBV and the 5'-UTR
upstream of the core region of HCV. We added PCR tem-
plates to the PCR mixture and then added the PCR mixture to
the HBV- or HCV-negative tissue sections. The slides were
placed in the GeneAmp in situ PCR system 1000 unit, and
PCR-ISH was performed as described in Materials and Meth-
ods. Following these results, we selected the primer and probe
set that did not stain the HBV- or HCV-negative tissue sec-
tions by PCR-ISH. Second, the type and concentration of pro-
tease and the treatment time were adjusted to optimize per-
meabilization of membranes and release of protein-nucleic
acid cross-linking while avoiding overdigestion. Third, to im-
prove the specificity for detecting viral genomes, we limited the
number of PCR cycles and fixed the liver tissue sections in 4%
paraformaldehyde immediately after PCR amplification. This
step is essential to avoid diffusion of PCR products into neigh-
boring cells, a phenomenon known as the diffusion artifact.
Limiting the number of PCR cycles was also important for
eliminating the background staining, as too many cycles re-
sulted in high background staining and loss of tissue morphol-
ogy. Fourth, we added a DIG-dUTP tail at the 3’ ends of the
probes for PCR-ISH and RT-PCR-ISH. These 45-mer probes
were optimized to improve their sensitivity without impairing
the specificity.

HBYV DNA was detected by PCR-ISH in a large number of
hepatocytes in tissue sections from an HBV DNA-seropositive
patient (Fig. 1A, panel a). HBV DNA was also observed by
PCR-ISH in tumor hepatocytes in a section of cancerous tissue
from the same patient (Fig. 1A, panel b). As shown in Fig. 2A,
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FIG. 4. (A) Panels a and b, HCV RNA detected in liver tissue samples from a patient with chronic hepatitis C by RT-PCR-ISH. Panels ¢ and
d, HCV RNA was not detected in a negative control (no RT). The number of PCR cycles was 45. Panels e and f, serial sections were stained with
HE. Magnifications, x40 (panels a, ¢, and e) and X400 (panels b, d, and f). (B) DNA fragments in the PCR mixture of the section in panel A were
amplified with the RT step and detected by 3% agarose gel electrophoresis. Amplification without the RT step resulted in no detection of DNA
fragments. (C) Panel a, after LCM of nine areas, sections of liver tissue obtained from a patient with chronic hepatitis C were stained with HE.
Panels b and c, HCV RNA and GAPDH mRNA in each of the areas were quantified by RTD-PCR, and the results are expressed as copy number
per LCM area. Panel d, the copy number of HCV RNA was corrected by using the picogram weight of GAPDH. (D) Panels a and b, HCV RNA
detected in the epithelium of the large bile duct by RT-PCR-ISH. The number of PCR cycles was 45. Panels ¢ and d, serial sections were stained
with HE. Magnifications, X60 (a and c) and X600 (b and d).

we obtained clear and reproducible patterns of distribution or
localization of the viral genomes in the tissue sections. The
visual patterns of HBV DNA distribution were similar, irre-

HBV DNA (Fig. 3A, panels ¢ and d). HBV DNA was also
observed by PCR-ISH in tumor hepatocytes in a section of
cancerous tissue from an HBV DNA-seropositive patient (Fig.

spective of the primer sets and probes (Fig. 2A, panels a to d).
These data indicate that our technique is highly specific and
reproducible for the detection of HBV DNA.

The staining pattern of HBV RNA was similar to that of

1A, panel b), but neither HBsAg nor HBcAg was detected in
this section (data not shown). As shown in Fig. 3, the intensity
of HBV DNA by PCR-ISH was almost the same as that of
HBV RNA by RT-PCR-ISH but did not coincide with the
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FIG. 5. Panels a and b, HBV DNA (panels a) and HCV RNA
(panels b) in noncancerous (non-Ca) (A) and cancerous (Ca) (B) liver
tissue obtained from a patient coinfected with HBV and HCV were
detected by PCR-ISH (55 cycles of PCR) and RT-PCR-ISH (45 cycles
of PCR), respectively. Panels c, serial sections were stained with HE.
Magnification, X160.

intensity of HBV protein expression. HBV has four overlap-
ping open reading frames regulated by two enhancer elements
and four promoters (14).

We had reported previously that HCV RNA and HCV core
protein levels are relatively stable irrespective of fibrosis (33,
35). In the present study, HCV RNA was detected in almost all
hepatocytes in all sections. Furthermore, we emphasize the
similar staining pattern of almost all hepatocytes at the cellular
level. HCV RNA was detected in the cytoplasm but not in the
nucleus. The detection of an intense signal at the perinuclear
site may reflect the replication process of HCV (10). HCV
RNA was also detected in the epithelium of the large bile duct
but not in the endothelial cells, portal tracts, or sinusoidal
Iymphocytes, which is consistent with the results of previous
studies (5, 8). Thus, the epithelium of the large bile duct, but
not that of the small duct, can support HCV replication.

We confirmed the specificity for detecting the HCV RNA
copy number by quantification in a small area of an LCM
section (Fig. 4C); similar amounts of HCV RNA were detected
in each area. The detection of HCV RNA in each area by LCM
and RTD-PCR excluded the possibility of diffusion of the PCR
product by RT-PCR-ISH.

Recent molecular biological techniques have demonstrated
low-level HBV viremia in some patients with chronic hepatitis
C who were negative for all serological HBV markers. In these
cases, HBV DNA not only is integrated in the human chro-
mosomes but also replicates in hepatocytes (34). In the previ-
ous study, we measured the levels of HBV DNA and HCV
RNA using RTD-PCR with singly infected or coinfected non-
cancerous and cancerous liver tissues (34). In the case of coin-
fection, HCV replication was dominant in the noncancerous

J. CLIN. MICROBIOL.

tissue whereas HBV replication was dominant in the cancerous
tissue. Some studies have shown that HCV inhibits HBV gene
expression and replication (7, 15).

Using this novel, highly specific and sensitive PCR-ISH
method, we could visualize the tissue staining patterns of HBV
and HCV, which were consistent with those seen by RTD-
PCR. This revealed the novel finding that almost all hepato-
cytes are infected with HBV or HCV in patients with chronic
liver disease, suggesting that the viruses spread throughout the
liver in the chronic stage. However, further study with a large
number of samples from each stage of infection is needed to
clarify the mechanism of persistent infection via our assay
method.
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