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The morphogenesis of hepatocytes after massive
hepatic necrosis to recovery through liver cell re-
generation has not been fully understood. Sequen-
tial biopsies were performed on the native liver of a
22-year-old man who underwent auxiliary partial
orthotopic liver transplantation 1 month after ful-
minant hepatitis. Auxiliary partial orthotopic liver
transplantation was successful, and the biopsy sam-
ples permitted us to examine the regenerating pro-
cess of hepatocytes after massive necrosis. At the
time of auxiliary partial orthotopic liver transplan-
tation (postoperative day 0), 95% of hepatocytes
were lost and a few ductules were found in the
portal areas. The ductules stained with cytokeratin
19. At postoperative day 7, the ductules began to
increase in size and number and became dilated
over a period of 1 month, when individual hepato-
cytes with clear cytoplasm appeared from the
ductules. As the differentiation of hepatocytes in-
creased, the expression of cytokeratin 19 was found
to decrease. From 2 to 3 months, all of the ductules
were transformed into hepatocytes, and they began
to form round cell clusters. From 3 to 6 months, the
round cell clusters became organized into trabecula
with fibrosis. From 6 to 12 months, a lobular archi-
tecture was established, and by 14 months, the ne-
crotic liver was fully recovered to normal. This study
by examination of sequential biopsies demonstrates
the progression of the regenerating process from
total hepatic necrosis to complete recovery.
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Fulminant hepatitis is an uncommon complication
of acute viral hepatitis and is seen in fewer than 1%
of cases of acute viral hepatitis, type A and type B.
This carries a poor prognosis with a mortality rate
of more than 50% in most series (1). Auxiliary par-
tial orthotopic liver transplantation (APOLT) has
recently been performed in patients with acute liver
failure and who developed neurologic complica-
tions such as fulminant hepatitis accompanied by
hepatic coma (2–7) and in patients with noncir-
rhotic metabolic diseases such as ornithine car-
bamoyltransferase deficiency (8). In the former, es-
pecially in young patients, recovery of liver function
and full regeneration of liver cells of the native liver,
as well as the eventual withdrawal of immunosup-
pression, can be expected (6). Auxiliary heterotopic
liver transplantation for fulminant hepatitis has an-
tedated APOLT (9, 10). In comparison with auxiliary
heterotopic liver transplantation, APOLT has some
physiologic advantages, such as those relating to
portal blood flow, abdominal tissue perfusion, and
venous return to the heart.

Liver cell regeneration after massive hepatic ne-
crosis as a result of fulminant hepatitis has not been
pathologically examined in detail because most pa-
tients have had a fatal course; even if they had
survived, biopsy examination often would have
been life threatening because of hemorrhagic dia-
thesis. Recently, however, it has been shown that
liver cell regeneration after necrosis can be ob-
served in the native liver after APOLT (2, 5–7), and
there have been a limited number of reports de-
scribing regenerative liver cells in fulminant hepa-
titis in APOLT. In these reports, ductular hepato-
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cytes were considered to be the putative progenitor
cells of hepatocytes (11–14). However, these find-
ings have been based on a few biopsy studies, and
sequential histologic observations have not been
carried out to understand fully liver cell regenera-
tion.

We experienced a young adult case of APOLT for
fulminant hepatitis with hepatic coma as a result of
hepatitis type B viral infection. Coexistence of
grafted liver and native liver was monitored clini-
cally and histologically for 14 months. This pro-
vided an opportunity to examine the origin and
processes of liver cell regeneration and specifically
to define the role of ductular hepatocytes.

CASE REPORT

A 22-year old man complained of loss of appetite
on August 3, 1997. He visited a doctor on August 6,
and his liver function tests disclosed abnormal val-
ues of GOT 1950 IU/l and GPT 2344 IU/l. He was
admitted to the Teine Keijinkai Hospital in Sapporo
City, Japan. The values of GOT and GPT were noted
to be further elevated: GOT 2145 IU/l and GPT 2615
IU/l. Because conservative therapy did not yield a
response, consecutive plasma exchanges were per-
formed seven times. However, he fell into a hepatic
coma, Grade 4, which necessitated respiratory
management with a mechanical respirator. Cooling
therapy of body temperature was introduced to re-
duce intracranial pressure on September 2. The
following morning, the patient was transferred to
Hokkaido University Hospital for possible liver
transplantation from his father, age 54.

Laboratory data on admission was as follows:
total bilirubin 14.7 mg/dl, GOT 149 IU/l, GPT 147
IU/l, NH3 209 mg/l. Serological tests of hepatitis
type B infection were positive for HBs-Ag, HBs-Ab,
HBe-Ab, and HBc-Ab but negative for HBe-Ag.

APOLT was selected by the patient’s father for
rescue therapy and was carried out after we re-
ceived informed consent from the patient’s parents
and approval of the Ethics Committee of Hokkaido
University. Steatosis of the donor liver was sug-
gested by echogram, and an intraoperative frozen-
section diagnosis was performed for evaluation of
the donor liver. Although mixed vesicular steatosis
was observed in up to 30% of the liver, the liver was
used for APOLT because the type of steatosis was
not macrovesicular and not of a severe grade.

The procedure of transplant surgery (on Septem-
ber 4) was as described elsewhere (3). The left lobe
of the liver explanted from the recipient’s liver
weighed 168 g and showed massive parenchymal
necrosis up to 95%, and only 5% of the liver re-
vealed macroscopic regenerative nodules. The en-
grafted left lobe weighed 600 g. After APOLT, both

grafted liver (left lobe) and native liver (right lobe)
were monitored by sequential needle biopsies.
Acute rejection of mild to moderate grade was de-
tected on the section from the grafted left lobe on
the 20th day after transplantation. Intensive immu-
nosuppressive therapy caused transient cytomega-
lovirus antigenemia thereafter for a week. However,
successful treatment of rejection and cytomegalo-
virus infection resulted in discharge of the patient
on October 15, 1997.

The change of size in the native and grafted livers
was evaluated by computed tomographic imaging
at 1 month, 3 months, and 9 months after APOLT.
The estimated native and grafted liver weights were
as follows: 380 g and 600 g at 1 month, 390 g and
560 g at 3 months, and 440 g and 700 g at 9 months.
The prothrombin time was 16 seconds on the trans-
ferred day and improved to 13 seconds at postop-
erative day (POD) 14. The values of prothrombin
time after discharge were between 11 and 12 sec-
onds through the entire course. Viral serology of
HBs-Ag and HBe-Ab were converted to negative
soon after the transferred day and at 6 months after
APOLT, respectively. Positive HBs-Ab and HBc-Ab
and negative HBe-Ag continued through the
course.

MATERIALS AND METHODS

Sequential liver biopsy materials were taken with
a 16-gauge needle on POD 7, 16, 20, 29, and 34, and
two open and wedge biopsies were performed on
the date of transplant surgery (POD 0) and on POD
10. Native liver biopsies were included in the ma-
terials of POD 0, 7, 10, and 29; after discharge, they
were added at 2, 3, 4, 6, 9, 10, 12, and 14 months
after APOLT, combined with graft liver biopsies to
monitor acute rejection (Fig. 1).

A total of 12 biopsy materials of native liver (pre-
transplant left lobe at POD 0; right lobe thereafter)
and 15 biopsies of grafted liver (left lobe) of the
patient were processed by formalin-fixed, paraffin-
embedded sections using standard methods. They
were stained with hematoxylin-eosin, Masson’s
trichrome, and reticulin fiber staining and were
observed microscopically. Immunohistochemistry
was performed on the paraffin sections from native
liver biopsies to detect the specific markers of liver
cell regeneration. Antibodies used were monoclo-
nal antibodies for cytokeratin (CK) 14, CK18, CK19,
(Novocastra, Newcastle upon Tyne, UK) and CAM
5.2 (Becton Dickinson, Mountain View, CA) and a
polyclonal antibody for alpha-1 antitrypsin (DAKO,
Glostrup, Denmark). Monoclonal antibodies for
hepatitis B viral surface and core antigens (HBs-Ag
and HBc-Ag) were also used to detect virus-infected
cells. Antisera dilution, antigen retrieval methods,
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and other technical procedures were used accord-
ing to the manufacturer’s recommendations.

RESULTS

The histology of the native liver showed massive
hepatic necrosis, but ductules were observed in the
periportal and portal areas on the day of APOLT
(Fig. 2A), approximately 1 month after the onset of
fulminant hepatitis. At this time, ductules were
clearly demonstrated by CK19 staining (Fig. 2B).
The ductules were irregular in shape and clustered
in the portal areas. Successful APOLT revealed in-
creased ductules with dilated lumen and enlarged
epithelial cells on POD 7. The ductules primarily
consisted of basophilic cells with high cytoplasmic
nuclear ratio, but they were arranged irregularly
without forming a line-up and apical basal orienta-
tion (Fig. 2C). CK19 staining labeled the tubules
strongly (Fig. 2D). We considered the gradual trans-
formation of the ductules to hepatocytes to be an
initial stage of hepatocyte regeneration. Centrilobu-
lar areas showed still necrosis with hemorrhagic
changes. Open and wedge biopsy on POD 10 dis-
closed the development of collagen fiber in the
massive necrotic regions, especially in the centri-
lobular areas. The ductules in the portal areas were
increased in number and were composed of en-
larged cells with dilated lumina. On POD 29, ductu-
lar proliferation became prominent (Fig. 3A) and a
single hepatocyte was observed among the ductular
epithelium of the native liver (Fig. 3B). As the hepa-

tocytes developed, they were large and oval in
shape and had clear cytoplasm. The ductules were
still intensely labeled with CK19, although the dif-
ferentiated hepatocytes had only faint staining with
CK19 (Fig. 3C). The centrilobular areas were still
necrotic, but dilatation of central veins and sinu-
soids developed.

Two months after APOLT, the necrosis disap-
peared, ductules decreased in number, and numer-

FIGURE 2. Massive hepatic necrosis, and ductular cells from
postoperative day (POD) 0 to POD 7 after auxiliary partial orthotopic
liver transplantation. A, intraoperative (POD 0) wedge biopsy of the
native liver showed massive hepatic necrosis and periportal ductular
structure (HE, 2003). B, ductules were found in the probable portal
areas and were intensely labeled with cytokeratin (CK) 19
(immunostain, 1403). C, irregular dilatation of ductules was seen at
POD 7. The ductules consisted of slightly basophilic cells. Note the
hemorrhagic necrosis around the central vein (HE, 3303). D, proliferation
of ductules at POD 7 was clearly demonstrated by CK19 positive ductules
(immunostain, 2003). c, centrilobular area; p, portal area.

FIGURE 1. Clinical course and pathologic examination.
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ous clear individual hepatocytes appeared in the
native liver (Fig. 4A). Hepatocytic differentiation
from ductules became abundant, and CK19-
positive ductules decreased (Fig. 4B). At 3 months
after APOLT, regenerative liver cells formed round
clusters without trabecular pattern but partly
showed an acinar pattern that was different from
normal liver cords (Fig. 4C). The ductules were
markedly decreased in number, and the more dif-
ferentiated the hepatocytes became, the less in-
tense was the staining with CK19 (Fig. 4D).

Three, 4, and 6 months after APOLT, the number
of hepatocytes increased and became arranged in a
trabecular pattern (Fig. 5A). Ductules disappeared,
and only the bile canaliculi were observed in the
portal area. At 6 months after APOLT, fibrosis was
seen around the hepatic cord (Fig. 5B). By 1 year
after APOLT, hepatic lobules were established and
fibrosis had disappeared gradually (Fig. 5C). Finally,
nearly 80% of the biopsied liver tissue showed com-
plete regeneration without differences from normal
liver tissue at 1 year and 2 months after APOLT (Fig.
5D). Obviously differentiated hepatocytes were
negative for CK19, and none of the liver tissue was
labeled with CK14. In comparison with CK19, both
CK18 and CAM 5.2 labeled both ductules and hepa-
tocytes through the course. Alpha-1 antitrypsin la-
beled only a part of ductules and hepatocytes, and
plasma in the vessels. Only one biopsy from the
grafted liver at POD 20 revealed focal acute rejec-
tion with central venulitis. Antisera to hepatitis B
virus–related antigens HBs-Ag and HBc-Ag did not
label the hepatocytes of either native or grafted
livers at any time through the entire course.

DISCUSSION

The first successful case of APOLT was reported
by Gubernatis et al. (2) in 1991 in a 33-year-old
woman who had fulminant hepatic failure as a re-
sult of viral hepatitis, type A. Histologically, the
native liver showed 80% destruction of the hepatic
parenchyma followed by its complete restoration
approximately 5 months after APOLT. The clinical
status of the patient over the period of 16 months
after transplantation was excellent, and immuno-
suppressive therapy was tapered off to surrender

FIGURE 3. Ductular proliferation and initial appearance of a
hepatocyte at postoperative day (POD) 29. A, increased number of
periportal ductules was seen at POD 29. They were well demonstrated
by cytokeratin (CK) 19 staining. Note the CK19-positive bile duct
(arrow) (immunostain, 1003). B, individual hepatocytes were first seen
around the ductules (arrows). They were round in shape and had clear
cytoplasm (HE, 2653). C, CK19 showed faint staining of the
hepatocytes in contrast to intense staining of ductules (immunostain,
4003). c, centrilobular area; p, portal area.

FIGURE 4. Increased hepatocytes at 2 and 3 months after surgery. A,
ductular hepatocytes were transformed into round and clear
hepatocytes mostly near the portal areas (p) (HE, 2003). B, decrease of
ductules were clearly seen by cytokeratin (CK) 19 with a decreased
expression of CK19 in newly formed hepatocytes (immunostaining,
4003). C, hepatocytes increased in number and became clustered,
forming a round ball or an acinar pattern between central vein (c) and
portal areas (p) (2003). D, ductules that expressed CK19 disappeared,
leaving a few trace positive cells (immunostaining, 2003).

FIGURE 5. Hepatic lobe reorganization from 6 months to 14 months
after surgery. A, clustered hepatocytes became organized in a trabecular
pattern at 6 months (HE, 2003). B, fibrosis was seen around the
hepatic trabeculae at 6 months (Masson trichrome stain, 2003). C,
hepatic lobules were established at 12 months. Perilobular fibrosis was
still observed (HE, 2003). D, hepatic lobules without fibrosis was seen
at 14 months, which showed complete recovery to that of a normal
liver (HE, 2003). p, portal area.
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the graft. Subsequently, Oldhafer et al. (3) described
four cases of APOLT, one of which was the afore-
mentioned case for acute liver failure, and all pa-
tients were alive. In this report, the previously de-
scribed patient had a laparotomy for the repair of
abdominal hernia 3 years after APOLT, and the
surgeons observed an almost complete absorption
of the graft at the time of surgery. The patient was
in excellent condition without immunosuppressive
therapy, and the remnant of the graft remained in
situ. Two of the other three cases showed a quick
recovery of the native liver, and focal necrosis of the
graft was evident on imaging by cholescintigraphy
and sonography. As a result, the grafts were re-
moved 15 and 40 days after APOLT, respectively,
and immunosuppression was withdrawn. The
fourth case was complicated by arterial thrombosis
after APOLT and resulted in a subsequent whole-
liver transplantation. The patient recovered slowly
after the second transplantation because of rejec-
tion and viral pneumonia. In this report, there were
no histologic descriptions with respect to liver cell
regeneration.

Boudjema et al. (4) and Bismuth et al. (5) re-
ported series of APOLT performed in eight patients
and five patients with fulminant and subfulminant
hepatic failure, respectively. More than half of the
patients showed full regeneration of liver cells in
their native livers in both reports, and as a result,
four and two of the grafts in each report were re-
moved after tapering or stopping immunosuppres-
sive therapy.

In terms of large-scale trials, a multicenter Euro-
pean study of auxiliary liver transplantation was
reported by Chenard-Neu et al. (6). This study in-
cluded 30 patients with fulminant hepatic failure,
24 of whom underwent APOLT. In six patients, the
auxiliary graft was implanted heterotopically below
the native liver. The overall survival rate was 63%
after a 3- to 67-month follow-up, superior to the
1-year survival rate of 60% noted after orthotopic
liver transplantation. Most important, 13 of the 19
survivors (68%), which was 43% of the total 30 pa-
tients, had full recovery of the native liver and had
stopped immunosuppressive therapy permanently.
Twenty-two patients were histologically examined
by biopsy for the evaluation of the native liver be-
tween two and nine times. Complete regeneration
occurred in 78% of patients who were younger
than 40 years, whereas fibrosis or cirrhosis oc-
curred in 75% of those who were older than 40
years. In patients who had full hepatocyte regen-
eration in the native liver, the cause of acute liver
failure was either viral hepatitis or acetamino-
phen overdose in 82%, and the delay between the
onset of jaundice and encephalopathy was less
than 7 days in 87%. These three criteria—age
younger than 40 years, presence of viral hepatitis

or acetaminophen overdose, and hyperacute
course—all are indicators associated with a rela-
tively favorable outcome in patients with acute
liver failure. Our case fulfilled two of the three
criteria: age younger than 40 years and hepatitis B
virus infection.

Pereira et al. (7) proposed on the basis of the
observations of seven cases of young patients with
acute liver failure that having a high proportion of
surviving hepatocytes within necrotic parenchyma
was not a prerequisite for native liver regeneration,
because in two cases of complete hepatocyte regen-
eration, there was 60% and 80% liver cell necrosis of
the resected native liver, respectively. In addition,
the authors suggested that macroscopic regenera-
tive nodules within a small necrotic native liver
seemed to be a predictor of the development of
fibrosis or cirrhosis. Unlike their experience, our
patient recovered without fibrosis or cirrhosis, al-
though his liver showed not only macroscopic re-
generative nodules in massive hepatic necrosis of
the explanted small native left lobe but also fibrosis
intermixed with remarkably regenerative hepato-
cytes in needle biopsies by 6 months after APOLT.

In the course of liver cell regeneration from mas-
sive hepatic necrosis, ductular proliferation plays
an important role. Generally, two major types of
ductular proliferation, also known as ductular reac-
tions, are recognized: that seen in massive or sub-
massive hepatic necrosis and that seen in mechan-
ical biliary obstruction. The ductules in the former
type have been called ductular hepatocytes because
of suggestions that they are the putative progenitor
cells of hepatocytes, and those of the latter type are
called bile ductules and are thought to have char-
acteristics of mature bile duct epithelium and are
not related to hepatocyte regeneration (11–14). Af-
ter the ductular proliferation was observed in our
patient, the ductular epithelial cells that developed
increased nuclear and cytoplasmic sizes, causing
dilatation of the ductules. These ductular hepato-
cytes could be immunohistochemically labeled
with CK19 during the ongoing regeneration of liver
cells from ductules; these cells then had decreased
and subsequently lost CK19 expression after com-
plete differentiation to hepatocytes. This resembles
the phenomenon in the fetal developing liver,
where hepatoblasts expressed CK19 from 9 to 16
weeks’ gestation, and subsequently fetal hepato-
cytes around 10 weeks’ gestation lost the expression
of CK19 (11). CK14 staining using monoclonal an-
tibody was absolutely negative in our patient. Pos-
itive staining of ductular hepatocytes and bile ducts
was obtained by using polyclonal antibody (13). In
addition to the CK19 and CK14, CK7 and alpha
fetoprotein are thought to label progenitor cells in
the fetal liver. However, CK7 stain in diseased livers
was performed on the frozen sections (15), and
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a-fetoprotein staining was negative on the ductular
hepatocytes in massive or submassive hepatic ne-
crosis (11, 12). Further studies including in the fetal
liver, various diseased livers, various tissues, or
staining conditions are needed to clarify the expres-
sion of liver progenitor cell markers.

Our study revealed that ductular hepatocytes
play the role of progenitor cells in the liver cell
regeneration from massive hepatic necrosis after
APOLT. The possible origin of ductular hepatocytes
includes periportal injured hepatocytes, progenitor
cells located in or near the canals of Herring, and a
few stem cells in the portal and periportal areas
persistent in the adult liver (11–13). Progenitor cells
and stem cells are the most likely origin because of
their site of appearance and the bipotential histo-
logic and immunohistochemical characteristics of
the bile duct epithelium and hepatocytes as in our
patient.

In summary, our sequential histologic observa-
tions revealed that liver cell regeneration from mas-
sive hepatic necrosis started from proliferation of
ductular hepatocytes at 7 to 10 days after APOLT,
and hepatocyte differentiation in the ductular
hepatocytes occurred at nearly 1 month after
APOLT. CK19-positive ductular hepatocytes de-
creased in number as did the intensity of CK19
expression with the progression of liver cell regen-
eration 2 to 14 months after APOLT. As our case was
massive hepatic necrosis as a result of fulminant
viral hepatitis B infection, it would be of interest to
know whether that arising from other causes might
have a similar regenerative course.
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