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Advanced histology and impaired liver regeneration are associated with disease severity in

acute-onset autoimmune hepatitis

Aims: Some cases of acute-onset autoimmune hepatitis
(AIH) develop into severe or fulminant forms showing
massive/submassive hepatic necrosis, and have a poor
prognosis. The pathological features of acute-onset AIH
remain uncertain. Ductular (intermediate) hepatocytes
after massive/submassive necrosis may serve as hepatic
progenitor cells, and could be seen as cytokeratin 7
(CK7)-positive hepatocytes in immunochistochemistry.
Therefore, the aim was to examine histological features
to obtain a better evaluation of acute-onset AIH.
Methods: The histological features of 27 clinically
acute-onset AIH patients were examined by immuno-
histochemistry using CK7.

Results: On staining for CK7, intermediate hepatocytes
were less commonly present (P < 0.001) and ductular

reactions were more commonly present (P < 0.001) in
severe/fulminant patients than in non-severe ones. In
severe and fulminant patients, intermediate hepato-
cytes and intralobular progenitor cells were more
commonly present (P < 0.005 and P < 0.05, respec-
tively) and ductular reactions were less commonly
present (P = 0.007) in recovered patients than in dead
ones. Severe patients had more clinically and histolog-
ically advanced disease.

Conclusions: Immunohistochemical evalution using
CK7 might be a useful tool for evaluating liver
regeneration, and intermediate hepatocytes and pro-
genitor cells might play an important role in liver
regeneration after massive and submassive necrosis in
acute-onset AIH.

Keywords: autoimmune hepatitis, cytokeratin 7, fulminant hepatitis, liver regeneration, severe hepatitis

Abbreviations: AIH, autoimmune hepatitis; ALT, alanine aminotransferase; ANA, antinuclear antibody; ASMA,
anti-smooth muscle antibody; CK19, cytokeratin 19; CK7, cytokeratin 7; CMV, cytomegalovirus; DR, ductular
reaction; EBV, Epstein—Barr virus; HBc, hepatitis B core; HICV, hepatitis C virus; HSV, herpes simplex virus; IM,
intermediate hepatocyte; iPC, intralobular progenitor cell; PC, progenitor cell; PT, prothrombin time; T-Bil, total

bilirubin; UNV, upper normal value

Introduction

Autoimmune hepatitis (AIH) is an unresolving inflam-
mation of the liver of unknown cause, and is charac-
terized by the presence of hypergammaglobulinaemia,

autoantibodies, and interface hepatitis and plasma cell
infiltration on histological examination.' A prospec-
tive study has indicated that as many as 40% of
patients with untreated severe disease die within
6 months of diagnosis.3 Cirrhosis develops in at least

Address for correspondence: K Fujiwara, MD, PhD, Department of Medicine and Clinical Oncology, Graduate School of Medicine,
Chiba University, 1-8-1 Inohana, Chuo-ku, Chiba 260-8670, Japan. e-mail: fujiwara-cib@umin.ac.jp

© 2011 Blackwell Publishing Limited.

- 1185-



694 K Fujiwara et al.

40% of survivors.* An acute onset of illness is
common,”® and fulminant presentation is possible.’

There are two types of acute-onset AIH: one is AIH
with acute presentation of the disease, and the other is
AIH with acute exacerbation of underlying chronic
disease. Some cases of the former type develop into a
severe or fulminant form showing massive/submassive
hepatic necrosis, and there is a risk of mistiming the
start of immunosuppressive therapy, because of the
difficulty in diagnosis resulting from atypical clinico-
pathological features; the patients are sometimes
resistant to immunosuppressive therapy and have a
poor prognosis,!°712

Histological liver cell regeneration after mas-
sive/submassive necrosis resulting from severe and
fulminant ATH has not been examined in detail. In a
case report of a patient with fulminant hepatitis B who
underwent auxiliary partial orthotopic liver transplan-
tation, examination of sequential liver biopsy speci-
mens showed that ductular hepatocytes [intermediate
hepatocytes (IMs)] after massive necrosis were trans-
formed into mature hepatocytes.'®> Mature bile ducts
are specifically stained by anti-cytokeratin 7 (CK7) and
anti-cytokeratin 19 (CK19),'* and IMs, which are
considered to originate from activated progenitor cells
(PCs), express CK7 and, to a lesser extent, CK19.%> We
have noticed that IMs are frequently found in the liver
biopsy specimens of patients recovering from acute-
onset AIH, but not in those of dead patients. Therefore,
we used CK7 immunohistochemistry, not CK19 stain-
ing, in this study.

The term ‘ductular reaction’ (DR) in a wide sense
has been applied to the overall phenomenon of PC
activation and differentiation in the regenerative and
reparative response, including the progenitor cells
(single CK7-positive small cells with an oval nucleus
and small rim of cytoplasm), DR in a narrow sense
(bile ductules with poorly defined lumina located at the
portal parenchymal interface, arranged in anastomo-
sing cords, and lined with small CK7-positive cells with
little cytoplasm) and IMs (cells intermediate in size and
immunohistochemical profile between PCs and he-
patocytes). In our immunohistochemical findings, DR
in a narrow sense is used for one of the CK7-positive
cell types, as described above.

Recently, we examined the clinicopathological fea-
tures of acute-onset ATH patients presenting with acute
hepatitis, and found that histological examination of
the liver was useful for early diagnosis and that
centrilobular necrosis was characteristic of this dis-
ease.'® In the current study, we examined the associ-
ation between the clinical severity of the disease and
histological features, including the state of liver regen-

eration, using immunohistochemistry with CK7 for
better evaluation of the nature of acute-onset AIH,

Materials and methods
PATIENTS

A diagnosis of ATH was made on the basis of the
presence of antinuclear antibody (ANA) and/or anti-
smooth muscle antibody (ASMA), according to the
criteria defined by the International Autoimmune
Hepatitis Group,'” and of liver biopsy findings compat-
ible with ATH, consisting of interface hepatitis, centri-
lobular necrosis, and plasma cell infiltration. Eligibility
criteria for clinically ‘acute-onset’ AIH were as follows,
in addition to the AIH criteria described above: (i)
acute-onset liver injury; (ii) no history of liver injury;
and (iii) no signs of chronicity on the basis of physical
examination, laboratory data, and abdominal ultra-
sound findings.

Eligibility criteria for severe and fulminant AIH, in
addition to the criteria described above, were as follows:
(i) prothrombin time (PT) activity <50% of control or
total bilirubin level more than 20 mg/dl during the
disease course were defined as severe hepatitis; and (ii)
patients with a prothrombin time <40% of control and
hepatic encephalopathy were defined as having ful-
minant hepatitis. Informed consent was obtained from
all patients or appropriate family members. The study
protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki as reflected in a priori
approval by the institution’s human research commit-
tee.

Twenty-seven patients were enrolled in the study: 14
non-severe acute-onset AIH, seven severe ATH, and six
fulminant ATH.

CLINICAL, BIOCHEMICAL AND IMMUNOSEROLOGICAL
ANALYSIS

Data obtained from patients were as follows: sex; age at
diagnosis; time of onset, for severe disease and fulmin-
ant disease; complications; serum levels of alanine
aminotransferase (ALT), total bilirubin (T-Bil), alkaline
phosphatase, PT, 1gG, IgM, ANA, ASMA, liver kidney
microsomal antibody-1 and antimitochondrial anti-
body; types of therapy; and response to therapy.
Patients were also questioned for any history of recent
exposure to drugs and chemical agents, as well as
heavy alcohol consumption (>50 g/day for >5 years).
In acute-onset AIH, early symptoms, including fever,
general malaise, fatigue, nausea, vomiting and right
upper guadrant discomfort, are frequently observed, so

© 2011 Blackwell Publishing 1td, Histopathology, 58, 693-704.

-1186-



we defined the beginning of these symptoms as clinical
onset.

VIROLOGICAL ANALYSIS

Patients were examined for viral markers such as anti-
hepatitis A virus IgM, anti-hepatitis B core IgM,
hepatitis B surface antigen, anti-hepatitis C virus
(HCV) antibody, HCV RNA, anti-Epstein-Barr virus
IgM, anti-herpes simplex virus IgM and anti-cytomeg-
alovirus IgM. None of the patients had clinical or
laboratory evidence of acquired immune deficiency
syndrome.

HISTOLOGICAL EXAMINATION

Histological examination was performed before the
administration of corticosteroids, in the convalescent
phase, or after death. There were 22 needle biopsies,
one explanted liver, and four post-mortem specimen.
Three specialists reviewed the histopathological
changes by evaluating the degrees of portal and lobular
changes and plasma cell infiltration by haematoxylin
and eosin staining with or without Victoria blue-
staining. Staging and grading were evaluated accord-
ing to the classification of Desmet et al.'®

IMMUNOHISTOCHEMISTRY

Formalin-fixed, paraffin-embedded liver biopsy speci-
mens were used for immunohistochemical studies, with
a standard avidin-streptavidin complex technique.!®
Anti-CK7 (dilution 1:200; Dako, Glostrup, Denmark)
was used for staining bile duct, ductular epithelium and
hepatic PCs.

Single CK7-positive small cells with an oval nucleus
and small rim of cytoplasm were regarded as PCs. A DR
consisted of bile ductules with poorly defined lumina
located at the portal-parenchymal interface, arranged
in anastomosing cords, and lined with small CK7-
positive cells with little cytoplasm. IMs were defined as
cells intermediate in size and with an immunohisto-
chemical profile between that of PCs and hepato-
c:ytes.20

The term DR has been applied to the overall
phenomenon of PC activation and differentiation in
the regenerative and reparative response in a wide
sense, including the PCs, DRs and IMs described above.
In our immunohistochemical findings, DR is used for
one of the CK7-positive cell types in a narrow sense.

Semiquantitative assessment of CK7-positive cells
was performed concerning periportal DRs, periportal
IMs, and intralobular PCs (iPCs): O (point 0) represents

© 2011 Blackwell Publishing Ltd, Histopathology, 58, 693-704.
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absent or rare single PCs or DRs around occasional
portal tracts; 1+ (point 1) represents rare single or focal
DRs or focal clustering of positively stained PCs around
most portal tracts; 2+ (point 2) represents continuous
DRs or clusters of positively stained PCs occupying
<50% of portal tracts; 3+ (point 3) represents contin-
uous DRs or clusters of positively stained PCs occupy-
ing >50% of portal tracts. The number of iPCs was
assessed by counting these cells in three non-overlap-
ping fields showing parenchyma, using higher-power
examination (x400), and the average of these scores
was taken.202!

STATISTICAL ANALYSIS

Differences in proportions among the groups were
compared by Fisher’s exact probability test, Student’s
t-test and Welch's t-test (P < 0.05 was considered to be
significant).

Results
CLINICAL AND BIOCHEMICAIL FEATURES

Of 27 patients, four were men and 23 were women.
Mean age at the time of diagnosis was 51.2 + 15.4
years. The mean ALT level was 556 % 435 [0/, the
mean T-Bil level was 10.0 £ 10.0 mg/dl, and the
mean PT activity was 66% + 29%.

The mean IgG level was 2160 + 1139 mg/dl. The
IgG level was normal [<1.0 X upper normal value
(UNV)] in nine of 27 patients (33%), 1.0-1.5 x UNV in
14 patients (52%), 1.5-2.0 x UNV in one patient (4%),
and >2.0 x UNV in three patients (11%). ANA was
positive (=1:40) in 24 of 27 patients (89%), <1:40 in
three patients (11%), 1:40 in four patients (15%), 1:80
in nine patients (33%), and >1:80 in 11 patients (41%).
ASMA was positive (21:40) in nine of 24 patients (38%).

The clinical and biochemical features of patients
according to disease severity at admission are provided
in Table 1. The mean T-Bil level was higher in severe
than in non-severe patients (P = 0.007), in fulminant
than in non-severe patients (P < 0.001) and in fulmin-
ant than in severe patients (P = 0.03). Mean age, sex,
mean ALT level, mean IgG level, ANA positivity and ATH
scores were not different among the three groups.

Regarding the duration from initial symptoms to
admission to our unit, the differences were statistically
significant between non-severe and fulminant patients
(P <0.001) and between severe and fulminant
patients (P = 0.03). Regarding the duration from
initial symptoms to histological examination, the
difference was not statistically significant.
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Table 1. Comparison of

Non-severe Severe Fulminant s .
findings at presentation of
n 14 7 6 acute-onset autoimmune
hepatitis (AlH) patients
Age*® 55+ 12 42 17 5318 according to disease
Sex (male/female)t 1/13 0/7 3/3 severity
ALT (IU/D+ 598 + 333 441 + 391 593 + 699
T-Bil (mg/d)§ 2.6+3.2 132=x71 235x72
PT (%)Y 90 = 14 49 £ 3 29+ 8
18G (mg/dh)** 1797 x 456 2692 x 1923 2385 = 970
ANA (= x40)tt 11/13 8/8 6/6
AlH score, histology-negative++ 11.1+2.8 13.7 £3.0 12722
AlH score, histology-positive§s 14.2 + 3.4 174 3.6 162 +24
Days from onset to 36.1 = 271 380+ 107 102.0 + 48.4
admission99]
Days from onset to histological 482 £ 289 753 = 28.9 126.5 + 104.2
examination***
Deatht+t 0 0 5

ALT, Alanine aminotransferase; ANA, antinuclear antibody; PT, prothrombin time; T-Bil, total

bilirubin.

Values are mean (standard deviation) or number.
*No significant difference among the three groups.
tNo significant difference among the three groups.
$No significant difference among the three groups.

§Significant difference between non-severe (P = 0.007), severe, non-severe and fulminant

(P < 0.001), and severe and fulminant (P = 0.03).

ISignificant difference between non-severe and severe (P < 0.001), non-severe and fulminant

(P < 0.001), and severe and fulminant (P = 0.001).

**No significant difference among the three groups.
+1No significant difference among the three groups.
FtNo significant difference among the three groups.
§8No significant difference among the three groups.

q9Significant difference between non-severe and fulminant (P < 0.001), and severe and

fulminant (P = 0.03).
***No significant difference among the three groups.

+ttSignificant difference between non-severe and fulminant (P < 0.001), and severe and

fulminant (P = 0.005).

No patients were positive for the viral markers
described above. Suspected hepatotoxic drugs were
excluded in this study, using the drug-induced liver
injury diagnostic scale by Maria and Victorino.*?

TREATMENT RESPONSE AND OUTCOME

An initial dose of 40-60 mg of prednisolone or
1000 mg of methylprednisolone daily was adminis-

tered in nine of 14 non-severe patients, in all of seven
severe patients, and in five of six fulminant patients. All
of the nine non-severe and seven severe patients
responded well and recovered. Of the six fulminant
patients, one responded and recovered, four did not
respond and died, and one received a liver transplant
and died.

Five (36%) of the non-severe patients recovered with
ursodeoxycholic acid and intravenous glycyrrhizin

© 2011 Blackwell Publishing Ltd, Histopathology, 58, 693~704.
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(Stronger Neominophagen C) at 100 ml daily, an
aqueous extract of liquorice root that is reported to
have anti-inflammatory activity and has been used for
the treatment of chronic viral hepatitis in Japan. One
fulminant patient who was already suffering from
terminal stage liver failure on admission was not
treated with corticosteroids and died while waiting for
liver transplantation.

As a result, all non-severe and severe patients recov-
ered, and five of six fulminant patients died, suggesting
an unresponsive tendency in fulminant patients.

HISTOLOGICAL FEATURES

The pathological characteristics of the patients are
summarized in Tables 2 and 3. Centrizonal necrosis and
plasma cell accumulation in portal and centrilobular
areas were characteristic for acute-onset ATH. Thirteen
(93%) of 14 non-severe patients showed severe activity,
with four (29%) showing severe acute hepatitis, and
nine (64%) showing severe activity with fibrosis stage
2-3. Only one showed mild focal centrizonal necrosis
with fibrosis stage 1. Of 13 severe and fulminant
patients, six (46%) showed massive necrosis, one (8%)
submassive necrosis, four (31%) severe acute hepatitis,

CK7 expression in acute AIH 697

and two (15%) chronic hepatitis with fibrosis stage 2—3
and moderate to severe activity. Twenty-five (93%) of
the 27 patients showed severe activity with or without
plasma cell accumulation in portal and centrilobular
areas, and all showed centrilobular necrosis. Plasma
cell infiltration was found in 25 (93%) of 27 patients.

Histological heterogeneity was seen especially in
severe and fulminant ATH, and it was clearly seen in
multiple specimens from post-mortem examination:
there was a mixture of massive hepatic necrosis and
regenerative islands.

IMMUNOHISTOCHEMICAL STAINING FOR CK7

DRs showed a strong homogeneous cytoplasmic and
membranous CK7 staining pattern at the portal-
parenchymal interface. PCs showed a strong homoge-
neous cytoplasmic and membranous staining pattern
located distal to the DRs and occasionally in the
sinusoids. IMs showed a variable cytoplasmic and
membranous staining pattern in the periportal areas,
occasionally with extension. into the lobular areas
(Figure 1).

The findings from CK7 immunochistochemistry of
non-severe patients are described in Table 2. The mean

Table 2. Cytokeratin 7

immunostaining findings in Patient Histology Zl;gl{gif lhnets;?:i?/itaete ::)rlggg)n?:ci‘?rcen
16 non-severe patients
1 CH (F3, severe) 2 3 0
2 CH (F3, severe) 2 3 5
3 AH (severe) 1 2 2
4 CH (F2, severe) 1 3 5
5 CH (F2, severe) 1 2 1
6 CH (F3, severe) 1 2 2
7 CH (F2, severe) 1 2 2
8 AH on CH (F1, mild) 1 1 1
9 AH (severe) 1 1 0
10 CH (F3, severe) 1 1 0
11 CH (F2, severe) 1 3 2
12 CH (F2, severe) 1 3 2
13 AH (severe) 1 2 4
14 AH (severe) 2 3 4

AH, Acute hepatitis; CH, chronic hepatitis; F, fulminant.

© 2011 Blackwell Publishing 1td, Histopathology, 58, 693-704.
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Table 3. Cytokeratin 7 immunostaining findings in 14 severe and fulminant patients

Ductular Intermediate Intralobular
Patient Outcome Histology reaction hepatocyte progenitor cell
$1 Recovery AH (severe) 3 2 5
S2 Recovery CH (F3, severe) 2 1 3
S3 Recovery AH (severe) 2 2 1
S4 Recovery Massive necrosis 2 1 0
S5 Recovery AH (severe) 2 1 0
S6 Recovery Massive necrosis 0 0 0
57 Recovery AH (severe) 2 1 1
F1 Recovery CH (F2, moderate) 2 2 2
F2 Death Massive necrosis 3 0 0
F3 Death Massive necrosis 3 0 0
F4 Death Submassive necrosis 3 0 0
F5 Death Massive necrosis 3 0 0
F6 Death Massive necrosis 3 0 0

AH, Acute hepatitis; CH, chronic hepatitis; F, fulminant; S, severe.

scores for DRs, IMs and iPCs were 1.21 + 0.43,
2.21 £ 0.80 and 2.14 + 1.75, respectively. The mean
scores in non-severe chronic hepatitis were
1.22 £ 0.44, 244 £ 0.73 and 2.11 £ 1.83, respec-
tively. The mean scores in non-severe acute hepatitis
were 1.20 + 0.45, 1.80 £ 0.84 and 2.20 £ 1.79,
respectively. The differences between chronic hepatitis
and acute hepatitis were not significant.

The findings from CK7 immunchistochemistry of
severe and fulminant patients are shown in Table 3.
The mean scores for DRs, IMs and iPCs were
2.31 £ 0.85, 0.77 £ 0.83 and 0.92 + 1.55, respec-
tively. The mean scores in severe patients were
1.86 £ 0.90, 1.14 £ 0.69 and 1.43 % 1.90, respec-
tively. The mean scores in fulminant patients were
2.83 £ 041, 0.33 £0.82 and 0.33 £ 0.82, respec-
tively.

The score for IMs was higher in non-severe than in
severe and fulminant patients, with statistical signifi-
cance (P < 0.001). That for DRs was higher in severe
and fulminant than in non-severe patients, with statis-
tical significance (P < 0.001). The mean scores for DRs,
IMs and iPCs in recovered patients with severe and
fulminant hepatitis were 1.88 = 0.83,1.25 + 0.71 and
1.50 + 1.77, respectively. The mean scores in dead
patients were 3 + 0, 0 = 0 and O £ 0, respectively. The

mean scores for IMs and iPCs were significantly higher
(P < 0.005 and P < 0.05, respectively) and that for DRs
was sigoificantly lower (P = 0.007) in recovered
patients than in dead patients.

Immunohistochemistry for CK7 in a non-severe
patient, a severe patient and a fulminant patient are
shown in Figures 2—5. Marked periportal PCs, peripor-
tal IMs and intralobular IMs and a few periportal DRs
were found in a non-severe, recovered patient (Fig-
ures 2 and 3). Marked periportal DRs were found, but
periportal IMs, iPCs and intralobular IMs were not
found in a fulminant, dead patient (Figure 5). In a
severe, recovered patient, staining showed a pattern
between that of the non-severe one and that of the
fulminant, dead one (Figure 4).

ATH SCORING SYSTEM

The provisional scoring system (AIH score) proposed by
the International Autoimmune Hepatitis Group®” was
used to score all patients (Table 1).

The AIH scores ranged from 7 to 14 (11.1 *+ 2.8),
11 to 18 (13.7 £3.0) and 10 to 16 (12.7 + 2.2)
before treatment without histological scoring in non-
severe, severe and fulminant patients, respectively. The
difference among the three groups was not statistically

© 2011 Blackwell Publishing Ltd, Histopathology, 58, 693-704.
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Figure 1. Immunohistochemistryl for cytokeratin 7 (CK7) shows
ductular reactions (short arrow), progenitor cells (long arrow) and
intermediate hepatocytes (arrowhead). Semiquantitative assessment
of CK7-positive cells was performed with regard to periportal ductular
reactions (pDRs), periportal progenitor cells (pPCs), periportal inter-
mediate hepatocytes (pIMs), intralobular progenitor cells (iPCs) and
intralobular intermediate hepatocytes (iIMs).

significant. Without histology, the score was non-
diagnostic in four (29%), probable in 10 (71%) and
definite in none among non-severe patients, and it was
non-diagnostic in none, probable in 10 (77%) and
definite in three (23%) among severe and fulminant
patients.

The AIH scores ranged from 9 to 18 (14.2 * 3.4),
15 to 23 (174 £3.5) and 13 to 20 (16.2 £ 2.4)
before treatment with histological scoring in non-
severe, severe and fulminant patients, respectively. The
difference was not statistically significant among the
three groups. With histology, the score was non-
diagnostic in two (14%), probable in seven (50%) and
definite in five (36%) among non-severe patients, and it
was non-diagnostic in none, probable in six (46%) and
definite in seven (54%) among severe and fulminant
patients. Although two patients with non-severe hep-
atitis showed an AIH score that was less than the
probable ATH score, we diagnosed them as having AIH
because they were positive for ANA or ASMA, and their

© 2011 Blackwell Publishing 14d, Histopathology, 58, 693-704.
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Figure 2. Histological findings in a non-severe patient (patient 1).
A, Haematoxylin and eosin and Victoria blue staining shows interface
hepatitis and plasma cell infiltrations in centrilobular necrotic
regions. B, Immunohistochemistry stain for cytokeratin 7 (CK7)
shows positive cells in periportal and intralobular regions.

liver biopsy findings were compatible with AIH, con-
sisting of interface hepatitis, centrilobular necrosis and
plasma cell infiltration, which are characteristic of AIH,
although not specific.

Discussion

The diagnosis of acute-onset ATH is difficult, because
patients do not always show typical clinicopathological
features of ATH. Although some of them progress to
severe and fulminant hepatitis with poor prognosis,
their specific clinicopathological features still have to be
clarified.

In the present study, mean ANA positivity and IgG
level were higher in severe and fulminant than in non-
severe patients, although the differences were not
statistically significant. The AIH score was higher,
without statistical significance, and the duration from
onset to admission was longer in severe than in non-
severe patients, with significance. These findings mean
that severe patients have more clinically and histolog-
ically advanced disease than non-severe patients,
partially depending on the time durations until their
diagnoses.

There are no morphological features that are patho-
gnomonic of AIH. Moreover, there are only a few
reports on the histological features of acute-onset AIH,
such as centrilobular necrosis being associated with an
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Figure 3. Higher-power examinations of patient 1. A, Haematoxylin and eosin and Victoria blue staining. B~D, Immunohistochemistry for
cytokeratin 7 (CK7) shows ductular reactions (short arrow), progenitor cells (long arrow) and intermediate hepatocytes (arrowhead) in
periportal regions, and intermediate hepatocytes and few progenitor cells in intralobular regions.

acute clinical presentation and possibly reflecting an
early lesion preceding portal involvement.®23-2° In the
current study, histological examination showed that,
among non-severe patients, nine of 14 (64%) patients
had chronic disease, whereas, among severe and
fulminant patients, only two of 13 (15%) patients
had chronic disease (P = 0.013). AIH with acute
presentation might be a more severe form than AIH
with acute exacerbation of underlying chronic disease.
Therefore, early histological diagnosis and treatment of
acute-onset AlH is indispensable for a better outcome.

In our study, one of the pathological characteristics
of acute-onset AIH was its histological heterogeneity,
especially in severe AIH. Therefore, bias resulting from
the specimen, types of sampling (needle biopsy, ex-
planted liver and post-mortem) and locations of sam-
pling exist in this study. Histological heterogeneity

leads to radiological heterogeneity. Unenhanced com-
puted tomography often shows hypoattenuated and
hyperattenuated areas, with the former reflecting
massive hepatic necrosis and the latter regenerative
islands. Ultrasound shows similar heterogeneity. These
findings could be attributable to the mixture of severe
necrosis and regeneration usually seen in acute-onset
ATH. We supposed that the characteristic morpholog-
ical patterns of liver regeneration would exist in acute-
onset AIH, and that better understanding of these
would be of help in the diagnosis.

Regarding liver cell regeneration, cellular restitution
after different types of liver injury involves three
putative types of liver cell: mature hepatocytes, duct-
ular PCs, and periductular bone marrow-derived stem
cells.?® In the normal liver, mature hepatocytes
proliferate and reconstitute the liver mass by the

© 2011 Blackwell Publishing Ltd, Histopathology, 58, 693-~704.
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Figure 4. Histological findings in a severe patient (patient S5). A and C, Haematoxylin and eosin and Victoria blue staining shows severe acute
hepatitis. B and D, Immunohistochemistry for cytokeratin 7 (CK7) shows ductular reactions and a few intermediate hepatocytes in periportal

regions.

replacement of necrotic and apoptotic hepatocytes
within the lobules in the primary proliferative pathway.
This pathway is easily impaired by a variety of insults,
leading to the activation of a secondary proliferative
pathway of hepatic PCs. These are bipotential cells that
reside primarily in the periportal region and become
the source of regenerating hepatocytes, as well as
cholangiocytes and draining ductules. A by-product of
the activation of this secondary proliferative pathway is
the so-called DR. The DR is a reactive lesion at the
portal tract interface, comprising small biliary ductules
with an accompanying complex of stroma and inflam-
matory cells. Periductular stem cells respond to peri-
portal injury when hepatocytes are unable to move
into the injured area.?®

© 2011 Blackwell Publishing 1td, Histopathology, 58, 693~704.

Regarding the markers of single PCs, IMs and DRs,
Eleazar et al®' reported that the pattern of CK19
staining was of a lower intensity, with fewer visualized
cells, than that of CK7. Zhou et al.?” also reported that
CK19 was positive in transitional cells of the bile
ductular lineage and bile duct cells, and negative in
bipotential stem cells, transitional cells of the hepato-
cytic lineage and hepatocytes. Single PCs, IMs and DRs
could be stained with CK7, and could be distinguished
by morphological characteristics.

On the basis of our observation that IMs were
frequently found in the recovering patients with acute-
onset AIH, we focused on IMs as well as PCs as one of
the markers of liver regeneration, and used CK7, not
CK19, as a marker in this study.
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Figure 5. Histological findings in a falminant patient (patient F5). A, Haematoxylin and eosin and Victoria blue staining shows massive necrosis.
B-D, Immunohistochemistry for cytokeratin 7 (CK7) shows marked ductular reactions, few progenitor cells and no intermediate hepatocytes in

periportal regions.

Immunohistochemical studies of the liver using anti-
CK7 have been performed in a variety of liver diseases.
Periportal DR correlates strongly with portal fibrosis in
chronic hepatitis C.?® The significant correlation
between the extent of PC activation/DR and the
severity and localization of inflammation in chronic
hepatitis B and C suggests that inflammation is an
important trigger for PC activation. PCs were strikingly
scattered throughout the parenchyma and surrounded
by IMs, suggesting migration of PCs away from the
portal periphery into the lobular parenchyma and their
differentiation towards hepatocytes.”® DRs were pres-
ent in the majority of patients with chronic hepatitis C,
hepatitis B, and AIH, appeared early in the disease,
and showed correlation with disease stage.*' In non-

alcoholic steatohepatitis, progressive fibrosis was asso-
ciated with periportal DR.??

On immunohistochemistry for CK7, more IMs and
iPCs and fewer DRs were found in non-severe and
recovered patients, suggesting that liver regeneration
was not impaired in these patients. In fulminant and
dead patients in whom liver regeneration was consid-
ered to be impaired, marked DRs were found, but IMs
and iPCs were not. These findings suggest that the
differentiation from periportal PCs to IMs and mature
hepatocytes is maintained in survivors, but it is
impaired in non-survivors, resulting in the marked
formation of DRs.

From the sequential histological observation of liver
regeneration after massive necrosis in auxiliary partial

© 2011 Blackwell Publishing Ltd, Histopathology, 58, 693-704.
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orthotopic liver transplantation, Fujita et al.*® reported
that ductular hepatocytes play the role of PCs, Fotiadu
et al.®® reported that PC activation was correlated with
the degree of necroinflammatory activity and the stage
of fibrosis in chronic hepatitis B and chronic hepatitis C,
and might play a role in hepatic regeneration. Demetris
et al.®* reported that ductular hepatocytes seen in the
livers after acute submassive necrosis may represent a
transient amplifying population arising from a progen-
itor population located in or near the canals of Hering.
Ductular hepatocytes in massive necrosis may serve as
bipotential PCs.>* DRs represent proliferation and
bidirectional differentiation of facultative hepatic stem
cells in a variety of acute and chronic liver diseases.>®

In summary, immunohistochemical study using CK7
might be a useful tool for evaluating liver cell regen-
eration, and histological examination of the states of
liver regeneration might be valuable for the diagnosis
and evaluation of treatment response, although mul-
ticentre studies are also needed to clarify the features of
acute-onset ATH.
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