
&p.1:Abstract To study the early stages of cell death in vari-
ous types of chronic liver injury, liver biopsies from a to-
tal of 26 patients, including 7 with chronic hepatitis
C(CHC), 4 with chronic hepatitis B(CHB), 7 with alco-
holic liver disease (ALD), 4 with autoimmune or drug
hepatitis(AI/DH), and 4 with primary biliary cirrho-
sis(PBC), were examined by an in situ nucleotidyl trans-
ferase assay (ISNTA), which detects DNA fragmenta-
tion. Positive nuclei in hepatocytes and sinusoidal lining
cells were counted in all parenchymal areas, excluding
triads and areas of fibrosis, using a computer with Sig-
mascan software. The number of positive hepa-
tocytes/mm2 was similar in the biopsies of patients with
CHC, CHB, ALD and AI/DH, but significantly lower in
PBC. The number of positive sinusoidal lining cells/mm2

was significantly greater in biopsies with CHC compared
to CHB, ALD, AI/DH and PBC. Double staining re-
vealed that the ISNTA-positive sinusoidal lining cells
were also CD68 positive, indicating that they were Kupf-
fer cells. The frequency of ISNTA positivity did not cor-
relate with serum AST or ALT levels, steatosis, cell
swelling or cirrhosis. ISNTA-positive hepatocytes were
more frequent than acidophilic bodies in every disease
category. We conclude that apoptosis may be a common
pathway of cell death in different liver diseases, that the
high frequency of DNA fragmentation in Kupffer cells in
CHC suggests that during chronic hepatitis C infection
activated Kupffer cells may be subject to regulatory con-
trol by apoptosis and that ISNTA is more sensitive than

acidophilic bodies in assessing the degree of cell injury
in the liver.
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Introduction

Apoptosis is a process by which cell death occurs by a
highly specific series of enzyme-mediated reactions, re-
sulting in fragmentation of the DNA [2, 4, 5, 7, 11, 16,
21, 26, 32–34]. Apoptosis may occur as a genetically
programmed process for tissue remodeling or cell turn-
over, or it may be triggered by multiple factors such as
inflammatory cytokines, viruses, and chemical or physi-
cal agents [4, 5, 7, 9, 11, 21, 23, 33, 34].

The extent to which apoptosis contributes to the aci-
dophilic bodies found in liver diseases is not known, as
the acidophilic bodies represent the end stage of cell
death, and the mechanisms of their formation are diffi-
cult to study by routine histological techniques [17]. In
situ nucleotidyl transferase assay (ISNTA) provides a
sensitive technique for staining fixed tissue sections for
DNA fragmentation, which occurrs early during apopto-
sis [1, 2, 8, 10, 23, 25, 27, 28]. DNA fragmentation, as
detected by ISNTA, has been reported also in necrosis
and autolysis [1, 6, 13] suggesting that this assay may
not be specific for apoptosis. However, in the absence of
other evidence for necrosis, i.e. pyknotic nuclei, disinte-
gration of the plasma membrane and zonal necrosis, it is
highly likely that ISNTA-positive nuclei do represent
cells undergoing apoptosis. The aims of this study were
to use the ISNTA assay, which detects the products of
DNA fragmentation in the nucleus prior to cell death, to
detect evidence of cell injury at an early stage and to
compare chronic liver diseases of different aetiologies
with respect to the frequency of ISNTA-positive cells.
We also wished to determine whether the acidophilic
bodies seen in H&E sections adequately represent the
degree of cell injury. The assay revealed DNA fragmen-
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tation in otherwise intact cells, suggesting that apoptosis
is a common pathway of cell death in different liver dis-
eases. Also, in chronic hepatitis C (CHC) there was a
high frequency of ISNTA-positive sinosoidal lining cells,
which may be Kupffer cells, suggesting that during hepa-
titis C virus infection, Kupffer cells are subject to injury
and may also undergo apoptosis.

Materials and methods
Cases of chronic liver diseases of diverse etiologies were identi-
fied in the surgical pathology files of University of Massachusetts
Medical Center (UMMC) between January 1992 and April 1995.
A total of 26 liver needle-biopsies were randomly selected from
patients with chronic hepatitis C (CHC, n = 7), chronic hepatitis B
(CHB, n = 4), alcoholic liver disease (ALD, n = 7), autoimmune or
drug hepatitis(AI/DH, n = 4) and primary biliary cirrhosis(PBC,
n = 4). A wedge biopsy from a normal liver resected for trauma
was also included to serve as a normal control.

The 7 patients with CHC included 5 men and 2 women, rang-
ing in age from 33 to 59 years. All were seropositive for hepatitis
C by second generation enzyme immunoassay and recombinant
immunoblot assay tests, and had been referred to UMMC for eval-
uation for interferon-α (IFN-α) therapy. The patients had no other
known causes of their liver disease; ceruloplasmin and alpha-1-an-
titrypsin levels were normal and titers for anti-smooth muscle anti-
bodies were (< 1/80) low or nondetectable. Hemochromatosis was
excluded by examination of sections of liver biopsies stained by
Gomori’s method for iron (based on the Prussian blue reaction).
Two patients had no prior therapy for hepatitis; 5 patients had re-
ceived standard dose IFN-α and IFN-α plus levamisole, and were
being re-biopsied because of relapse. All 7 patients were seronega-
tive for markers of hepatitis B infection.

The 4 patients with CHB were men, ranging in age from 27 to
47 years. All were seropositive for hepatitis B and seronegative for
markers of hepatitis C. All were referred for IFN-α therapy. The 7
patients with ALD included 5 men and 2 women, ranging in age
from 32 to 73 years. The 4 patients with AI/DH included 2 men
and 2 women, ranging in age from 42 to 65. The 4 patients with
PBC included 1 man and 3 women, ranging in age from 22 to 64
years. Five patients with ALD and all with autoimmune hepatitis
and PBC were seronegative for markers of hepatitis. The markers
of viral hepatitis in the remaining 4 cases of ALD or drug hepatitis
were not available, but clinical and pathological diagnoses of all
these 4 cases were either ALD or drug hepatitis.

All biopsies were performed using a Klatskin- modified Men-
ghini needle. The needle biopsies were fixed in Carnoy’s solution
and the wedge biopsy was fixed in formalin. All were processed
routinely for light microscopy and stained with H + E, Trichrome
and Gomori’s iron stain.

The principle of the ISNTA is that DNA fragmentation, an ear-
ly event in the apoptotic process, yields regular arrays of free
DNA ends with 3’-OH groups that can be enzymatically elongated
by terminal deoxynucleotidyl transferase and labeled with nucleo-
tides that can be visualized subsequently, using the ApopTag Kit
(Oncor, Gaithersburg, Md.). Since DNA fragments occurring dur-
ing necrosis or autolysis may also react in this assay, interpretation
of positive staining must include an assessment as to whether oth-
er criteria for necrosis are present and whether the cell in question
appears otherwise viable.

For staining, paraffin-embedded sections were cut at 5 mi-
crons. After deparaffinization the sections were incubated with hy-
drogen peroxide to quench endogenous peroxidase. Sections were
subjected to enzymatic homopolymeric tailing with TdT and dig-
oxigenin-labeled nucleotides for 1 h at 37°C in a humidified atmo-
sphere. The incorporated nucleotides were revealed by incubation
with anti-digoxigenin antibody conjugated to peroxidase for
30 min at room temperature. The peroxidase label was then visual-
ized by the diaminobenzidine reaction. All sections were counter-
stained with hematoxylin.

There were 7 cases available to achieve satisfactory results by
double staining for apoptosis and for markers to identify Kupffer
cells. Anti-CD68 monoclonal antibody (DAKO, Carpinteria, Ca-
lif.) detecting Kupffer cells [20] was used for immunocytochemi-
cal staining followed by ISNTA to identify DNA fragmentation.
Briefly, the slides were microwaved in phosphate-buffered saline
(pH 7.4) for 5 min in an 800 watt microwave oven. Following re-
plenishment of this solution, the slides were microwaved again for
an additional 5 min and allowed to cool for 20 min. Following a
hydrogen peroxide block of endogenous peroxide and a serum
blocking step, the slides were incubated with the primary antibody
at a dilution of 1:500 for 45 min followed by brief buffer washes.
They were incubated in a cocktail of biotinylated anti-mouse
IgG/IgM and anti-rabbit IgG (BioTek, Santa Barbara, CA) for
30 min. The sections were then washed, incubated in avidin/biotin
complex (BioTek) for 30 min, washed, then reacted with diamino-
benzidine and hydrogen peroxide to visualize the brown product.
The slides were further processed using ApopTag Kit as previous-
ly described except that anti-digoxigenin antibody conjugated to
alkaline phosphatase replaced antibody conjugated to peroxidase
in order to visualize apoptotic nuclei as red.

The morphological evaluation was carried out on the H + E
stained slides. The following features were noted to be present or
absent in each biopsy: acidophilic bodies, steatosis, cell swelling,
lobular inflammation, piecemeal necrosis, portal inflammation,
cirrhosis and activated sinusoidal lining cells, identified as en-
larged or prominent cells along the sinusoids. Lobular inflamma-
tion was graded as follows: Grade 1 = patchy (only a few triads or
lobules involved) and inflammatory cell infiltrate is sparse; Grade
2 = majority of lobules involved and inflammatory infiltrate is
prominent.

Apoptotic cells were counted in ISNTA-stained slides. All pa-
renchymal areas excluding triads and fibrosis were identified us-
ing a computer with Sigmascan software (Jandel Scientific, Cort
Medera, Calif.). Positive nuclei stained strongly and were easily
identified. ISNTA-positive hepatocytes were identified by their lo-
cation in hepatic cords, and sinusoidal lining cells were identified
by their position along sinusoids. Cells in sinusoidal lumens were
considered to be inflammatory cells and were not counted. The
numbers of apoptotic hepatocytes and sinusoidal lining cells mm2

were determined. Acidophilic bodies were counted in a similar
manner in the H + E stained slides. Serum alanine aminotransfer-
ase and aspartate aminotransferase (ALT and AST) values were
recorded if available within 1 month of the date of the biopsy.

The diagnostic groups were compared statistically with respect
to the frequencies of apoptotic cells/mm2 in hepatocytes and sinu-
soidal lining cells, using the SPSS statistic package (Chicago, IL).
The assumption of normality of the errors of the principal out-
comes was evaluated graphically by plotting histograms of stan-
dardized residuals. These measures were transformed using natu-
ral logarithms, then normality was assessed graphically again. The
Kolmogorov Smirnov goodness-of-fit test for normality was used
to determine if significant deviations from normality existed, even
though the transformed variables appeared normal. These proce-
dures indicated that the results were normally distributed. One
way analysis-of-variance (for completely randomized designs)
was then used to test omnibus hypotheses of no difference in pop-
ulation means. In the presence of significant main effects, pairwise
comparisons were made using the Tukey’s multiple comparisons
procedure.

Results

The histologic features of all biopsy specimens are
shown in Table 1. Acidophilic bodies were seen in all
cases of CHC and CHB, often surrounded by lympho-
cytes. No specific zonal distribution was noted. All biop-
sy specimens demonstrated some degree of steatosis, but
steatosis was more severe in ALD than in the other
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groups. Activation of sinusoidal lining cells was found in
all cases but was more frequent in CHC and CHB, than
in the other diseases. Cirrhosis was seen more frequently
in biopsies with ALD and AI/DH than in biopsies with
CHB and CHC. No cirrhosis was found in the biopsies
with PBC, all of which were Stage 1. Lobular inflamma-
tion was present in all groups except PBC. Grade 2 in-
flammation was most common in alcohol injury and was

characterized by polymorphonuclear infiltrates. Grade 2
lobular infiltrates with lymphocytes predominating was
present in half the cases of CHB and AI/DH.

In the normal liver only rare ISNTA positive cells
were found. Positive cells were single and widely scat-
tered. Positive staining in hepatocytes and sinusoidal lin-
ing cells in biopsies with hepatitis C and alcohol liver
disease is illustrated in Fig. 1. Single positive cells with-
out nuclear shrinkage or other evidence for necrosis were
found in CHC (Fig. 1A). Some steatotic hepatocytes in
ALD were also positive (Fig. 1B). The mean numbers
(±SEM) of positive hepatocytes/mm2 for the five disease
groups are shown in Fig. 2. Statistical analysis showed
that the mean numbers of positive hepatocytes/mm2 were
similar in CHC, CHB and ALD, and significantly differ-
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Table 1 Frequencies (%) of
Histologic Features in Each Bi-
opsy Group&/tbl.c:&tbl.b:
Percent of biopsies positive for
each feature

Histological feature CHC CHB ALD AI/DH PBC
number of cases n=7 n=4 n=7 n=4 n=4

Acidophilic bodies 100 100 83 75 50
Steatosis 100 100 100 100 100
Cell swelling 15 75 66 75 50
Piecemeal necrosis 77 77 77 50 0
Active sinusoidal cells 100 100 66 50 25
Cirrhosis 15 25 50 50 0
Portal inflammation 100 100 100 100 100
Lobular inflammation
Grade 1 50 50 29 25 0
Grade 2 15 50 71 50 0

&/tbl.b:

Fig. 1A–D Composite photomicrographs showing ISNTA-posi-
tive hepatocytes and sinusoidal lining cells in liver biopsies from
patients with CHC and ALD: (A) ISNTA-positive hepatocyte in
CHC; (B) ISNTA-positive hepatocyte with steatosis in ALD; (C)
ISNTA-positive sinusoidal lining cells in CHC; (D) ISNTA-posi-
tive sinusoidal lining cell in ALD. (ISNTA with haematoxylin
counterstain, ×200)&/fig.c:



ent from the mean numbers in AI/DH and PBC (Tukey-
HSD test with significance level 0.05). Serum AST and
ALT levels within one month of biopsy were available in
16 patients. There was no correlation between the fre-
quency of ISNTA-positive cells and the levels of AST
and ALT, the degree of steatosis, cell swelling, inflam-
mation or cirrhosis (results not shown).

In normal liver ISNTA-positive sinusoidal lining cells
were not found. The numbers of ISNTA-positive sinusoi-
dal lining cells for the five disease groups are shown in
Fig. 2. In every disease category, positive staining was
more frequent in the sinusoidal lining cells than in the

hepatocytes. The numbers of apoptotic sinusoidal lining
cells/mm2 were significantly greater in CHC compared
to CHB, ALD, AI/DH and PBC (Tukey-HSD test with
significance level 0.05). In 7 cases, including 5 HCV and
2 ALD, double staining revealed that sinusoidal lining
cells were also CD68 positive. Only one CD68-negative
ISNTA-positive sinosoidal lining cell was found in one
HCV biopsy. An example of a sinusoidal lining cell
staining positive for both ISNTA and CD68 is shown in
Fig. 3.

The mean numbers of acidophilic bodies are shown in
Fig. 4. Comparison of the frequencies of ISNTA-positive
hepatocytes and the acidophilic bodies counted in H + E-
stained sections showed that the frequency of ISNTA-
positive hepatocytes/mm2 was greater than that of acido-
philic bodies/mm2 in every disease category.

Discussion

Apoptosis is a process by which single cells die by a
step-wise, enzymatically mediated serial fragmentation
of nuclear DNA without cell membrane injury, as op-
posed to necrosis, in which the DNA is denatured ran-
domly along with other cellular proteins [7, 9, 19, 24].
Apoptotic cells are immediately phagocytosed by neigh-
boring cells. Theoretically there is no inflammatory re-
sponse to this process, in contrast to necrosis, in which
inflammation may be considerable [3]. Apoptosis is
thought to occur under many different conditions [4, 5,
11, 18, 22, 33, 34]. It is the mechanism for deleting cells
and reshaping tissue during embryogenesis and matura-
tion of tissue, and during the physiologic atrophy in re-
sponse to aging or hormonal withdrawal [9]. More ger-
maine to this study is that viruses and cytokines, such as
TNF and TGFβ, may trigger the endonucleases which
mediate apoptosis [14, 15, 19, 26, 35].

In the liver, acidophilic bodies have always been as-
sumed to be necrotic hepatocytes, but they are also
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Fig. 2 Composite bar graph showing the mean numbers (± SEM)
of ISNTA-positive hepatocytes and sinusoidal lining cells for each
diagnostic group. The frequency of occurrence of ISNTA-positive
hepatocytes was similar in CHC (n = 7), CHB (n = 4), and ALD
(n = 7). The difference between the mean frequencies in these
groups and those in AI/DH (n = 4) and PBC (n = 4) was signifi-
cant (* = Tukey-HSD test, significant at level 0.05). The frequency
of ISNTA-positive sinusodial lining cells was significantly greater
in CHC compared to CHB, ALD, AI/DH and PBC (* = Tukey-
HSD test, significant at level 0.05)&/fig.c:

Fig. 3 Liver biopsy from a patient with CHC double stained with
ISNTA (red) and CD68 antibody (brown) to identify Kupffer cells.
Note the ISNTA-positive Kupffer cells in the center. (Haematoxy-
lin counterstained, ×1000)&/fig.c:

Fig. 4 Bar graph showing the mean numbers (± SEM) of ISNTA-
positive hepatocytes detected by ISNTA, and acidophilic bodies
counted in H + E-stained sections. In each disease category (CHC,
n = 7; CHB, n = 4; ALD, n = 7; AI/DH, n = 4; PCB, n = 4) the fre-
quency of ISNTA-positive hepatocytes/mm2 was significantly
greater than that of acidophilic bodies (* = Tukey-HSD test, sig-
nificant at level 0.05)&/fig.c:



called “apoptotic bodies”. They clearly represent the end
stage of cell degeneration, but the mechanisms of their
formation are not known. There is mounting evidence
that apoptosis may be the mechanism for hepatocellular
death in viral infections, such as adenovirus, EBV, and
HIV [8, 28, 31]. It is assumed that continuing inflamma-
tion in response to pathogens, such as viruses, or con-
tinuing assualt on hepatocytes by viruses or mutated vi-
ruses is the basis for ongoing cell death in chronic, as
opposed to acute liver disease. The acidophilic bodies
seen in chronic viral hepatitis may indeed be apoptotic
bodies [23]. Our hypotheses were that ISNTA-positive
cells would be more frequent in CHC, CHB and autoim-
mune hepatitis than in the other diseases, and that ISN-
TA assay would be more sensitive than counts of acido-
philic bodies in assessing the amount of cell damage in
the biopsies.

There is growing controversy over the specificity of
the ISNTA assay used here. Positive staining by this
technique has been reported in otherwise indisputable
autolysis and necrosis [1, 7, 13]. In our study none of the
biopsies showed zonal or bridging necrosis. In apoptosis,
the DNA changes precede disintegration of the cell
membrane, while in necrosis these changes follow injury
of the cell membrane. Our results showed that the ISN-
TA-positive hepatocytes were single, widely scattered
and otherwise viable, with well defined cytoplasm and
cell membranes. In addition, our double staining study
showed that the ISNTA-positive lining cells expressed
CD68. Therefore, we interpreted positive ISNTA stain-
ing as apoptosis, since the cells with ISNTA-positive nu-
clei had morphologically intact cytoplasm and expressed
cytoplasmic antigen (CD68). All had been fixed immedi-
ately at the biopsy procedure, ruling out autolysis.

In all disease categories, the number of apoptotic cells
detected by the ISNTA assay was much higher than the
number of acidophilic bodies counted in the biopsies.
This was to be expected, since acidophilic bodies,
whether they are the end stage of apoptosis or necrosis,
should be rapidly removed from the liver. We also ex-
pected that, the mean number of ISNTA-positive
cells/mm2 would be high for CHC and CHB. Surprising
findings were the lower frequency of ISNTA-positive he-
patocytes in autoimmune and drug hepatitis, and the high
frequency in ALD. In the latter biopsies, ISNTA-positive
hepatocytes were located in areas of steatosis. Although
alcohol has been shown to damage hepatocyte mem-
branes directly, and indirectly through metabolites, there
is evidence that some metabolic products (acetalde-
hydes) may induce apoptosis [36]. Apoptosis has not
been studied in autoimmune, drug hepatitis, or PBC. Of
interest in this study was the lack of correlation between
the frequency of ISNTA-positive hepatocytes and the se-
rum levels of ALT and AST. This finding supports the
view that apoptosis is not associated with leakage of cel-
lular contents into the extracellular apace [4].

Another unexpected finding was the high rate of ISN-
TA-positive sinusoidal lining cells. It is possible that
some of the cells counted in the sinusoids were circulat-

ing haematopoietic cells. However, we tried specifically
to avoid counting any cells in the lumen, or cells that re-
sembled WBCs, and counted only cells which were part
of the lining of the sinusoid. All of the biopsies were
counted in the same manner, and all contained either
portal or lobular inflammation. However, even with these
unifying features, the number of ISNTA-positive sinusoi-
dal lining cells was significantly greater in biopsies of
patients with CHC than in the biopsies from the other
disease groups. Using a double staining technique, we
found that the ISNTA-positive lining cells were Kupffer
cells. One ISNTA-positive, CD68-negative cell was
found, but all of the other ISNTA-positive lining cells
were also CD68 positive. This strongly suggests that
Kupffer cells may be subject to regulatory control [17]
and that the hepatitis C virus, cytokines, or possibly al-
cohol may induce apoptosis in these cells.

In summary, we used an ISNTA assay to detect DNA
fragmentation, which occurs in the early stages of apop-
tosis in liver diseases of diverse etiologies. As expected,
injured cells detected by this technique were more fre-
quent than acidophilic bodies. Significant differences
were detected in the frequency of apoptotic hepatocytes
between CHC, CHB and ALD and the other diseases. An
unexpected finding was the high frequency of ISNTA-
positive Kupffer cells in all biopsies, but particularly in
chronic hepatitis C. This suggests that both Kupffer cells
and hepatocytes are subject to regulation by apoptosis in
hepatitis C infection. The pathways leading to such ef-
fects are uncertain, but likely depend upon cytokines
elaborated by several cell types in response to viral in-
fection.
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