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Abstract To study the early stages of cell death in vamcidophilic bodies in assessing the degree of cell injury
ous types of chronic liver injury, liver biopsies from a tan the liver.

tal of 26 patients, including 7 with chronic hepatitis

C(CHC), 4 with chronic hepatitis B(CHB), 7 with alcoKey words Apoptosis - Liver disease - Hepatitis -

holic liver disease (ALD), 4 with autoimmune or drug¢iepatocytes - Kupffer ce''s

hepatitis(Al/DH), and 4 with primary biliary cirrho-

sis(PBC), were examined by an in situ nucleotidyl trans-

ferase assay (ISNTA), which detects DNA fragmentitroduction

tion. Positive nuclei in hepatocytes and sinusoidal lining

cells were counted in all parenchymal areas, excludingoptosis is a process by which cell death occurs by a
triads and areas of fibrosis, using a computer with Sigghly specific series of enzyme-mediated reactions, re-
mascan software. The number of positive hepgulting in fragmentation of the DNA [2, 4, 5, 7, 11, 16,
tocytes/mm was similar in the biopsies of patients witl21, 26, 32—34]. Apoptosis may occur as a genetically
CHC, CHB, ALD and AI/DH, but significantly lower in programmed process for tissue remodeling or cell turn-
PBC. The number of positive sinusoidal lining cellsAmmpver, or it may be triggered by multiple factors such as
was significantly greater in biopsies with CHC comparésflammatory cytokines, viruses, and chemical or physi-
to CHB, ALD, AI/DH and PBC. Double staining recal agents [4, 5, 7, 9, 11, 21, 23, 33, 34].

vealed that the ISNTA-positive sinusoidal lining cells The extent to which apoptosis contributes to the aci-
were also CD68 positive, indicating that they were Kupdophilic bodies found in liver diseases is not known, as
fer cells. The frequency of ISNTA positivity did not corthe acidophilic bodies represent the end stage of cell
relate with serum AST or ALT levels, steatosis, celleath, and the mechanisms of their formation are diffi-
swelling or cirrhosis. ISNTA-positive hepatocytes wergult to study by routine histological techniques [17]. In
more frequent than acidophilic bodies in every diseasies nucleotidyl transferase assay (ISNTA) provides a
category. We conclude that apoptosis may be a commensitive technique for staining fixed tissue sections for
pathway of cell death in different liver diseases, that th@&JA fragmentation, which occurrs early during apopto-
high frequency of DNA fragmentation in Kupffer cells iris [1, 2, 8, 10, 23, 25, 27, 28]. DNA fragmentation, as
CHC suggests that during chronic hepatitis C infectigietected by ISNTA, has been reported also in necrosis
activated Kupffer cells may be subject to regulatory coand autolysis [1, 6, 13] suggesting that this assay may
trol by apoptosis and that ISNTA is more sensitive thaat be specific for apoptosis. However, in the absence of
Z. Jiang - Y. Liu - L. Savas - B. Bann&il) other evidence for necrosis, i.e. pyknotic nuclei, disinte-
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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 apoptosisThere were 7 cases available to achieve satisfactory results by
is a common pathway of cell death in different liver digouble staining for apoptosis and for markers to identify Kupffer

H . - cells. Anti-CD68 monoclonal antibody (DAKO, Carpinteria, Ca-
eases. Also, in chronic hepatitis C (CHC) there wasg detecting Kupffer cells [20] was used for immunocytochemi-

hig_h frequency of ISNTA-positive Sin_OSOidal ”niUQ cellsgal staining followed by ISNTA to identify DNA fragmentation.
which may be Kupffer cells, suggesting that during hepariefly, the slides were microwaved in phosphate-buffered saline
fiis C virus infection, Kupffer cells are subject to injurfet 0, &7 STHR 1S 20 S0 the Sides were microwaved again for
and may also undergo apoptosis. 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
Materials and methods at a dilution of 1:500 for 45 min followed by brief buffer washes.

They were incubated in a cocktail of biotinylated anti-mouse

Cases of chronic liver diseases of diverse etiologies were idejis/jqy “ang anti-rabbit IgG (BioTek, Santa Barbara, CA) for
fied in the surgical pathology files of University of Massachusetgy) iy “The sections were then washed, incubated in avidin/biotin

Medical Center (UMMC) between January 1992 and April 199 omplex (BioTek) for 30 min, washed, then reacted with diamino-

A total of 26 liver needle-biopsies were randomly selected fr%nzidine and h ; ; ;

; : ; 2 o - " ydrogen peroxide to visualize the brown product.
pgg%nts szh c?rorr]ucl_htle_patlt(lj_s C (CHS:\E ), (;hromtc hepatitis B 115 gliges were further processed using ApopTag Kit as previous-
g hn_ t')t" aXI(;D(I)ﬂIC E’e;{ |sedase_( D‘gl. ), aU.Ome“PeB% ly described except that anti-digoxigenin antibody conjugated to

rug hepatitis(Al/DH,n = 4) and primary biliary cirrhosis(PBC, g aline phosphatase replaced antibody conjugated to peroxidase
n =4). A wedge biopsy from a normal liver resected for traumia o der to visualize apoptotic nuclei as red.
was also included to serve as a normal control. The morphological evaluation was carried out on the H + E

_The7 pfatiengssv;/ithSSHC i”d}:\ﬁed 5 men aﬂd.t? W?m%n’ raf ained slides. The following features were noted to be present or
Ing In age from 35 10 ©5Y years. All were Seropositive Tor hepaliiysent iy each biopsy: acidophilic bodies, steatosis, cell swelling,

'(r:nrt:ly nsetﬁo?d genetrattion ﬁgzgrgebimg“rjnfo?fscﬁ’ ﬁ&&%?r?bil lar inflammation, piecemeal necrosis, portal inflammation,
! i u ? o tas?ay esl?:’l\? tha ee Thee ?. ? hod Othe thosis and activated sinusoidal lining cells, identified as en-
uation for interferora (IFN-a) therapy. The patients had no othefygeq or prominent cells along the sinusoids. Lobular inflamma-

known causes of their liver disease; ceruloplasmin and alpha-l-{&g\;l was graded as follows: Grade 1 = patchy (only a few triads or
titrypsin levels were normal and titers for anti-smooth muscle anfiy, ;jes ‘involved) and inflammatory cell infiltrate is sparse; Grade
bodies were (< 1/80) low or nondetectable. Hemochromatosis :)Eas

) ; X P - = majority of lobules involved and inflammatory infiltrate is
excluded by examination of sections of liver biopsies stained minent.
Gomori's method for iron (based on the Prussian blue reaction). pontotic cells were counted in ISNTA-stained slides. All pa-
Two patients had no prior therapy for hepatitis; 5 patients had I&

ived standard d IFand IENG plus levamisole. and wer nchymal areas excluding triads and fibrosis were identified us-
ceived standard dose [HNa A plus levamisole, and Were g 5 ‘computer with Sigmascan software (Jandel Scientific, Cort
being re-biopsied because of relapse. All 7 patients were seron

tive for markers of hepatitis B infection Wedera, Calif.). Positive nuclei stained strongly and were easily
The 4 patients with CHB were men, ranging in age from 27 g;/entlﬁed. ISNTA-positive hepatocytes were identified by their lo-

47 Al itive for hepatitis B and ti fion in hepatic cords, and sinusoidal lining cells were identified
years. Al Were Seropositive for hepalitis & and Seronegative gof yheir position along sinusoids. Cells in sinusoidal lumens were

considered to be inflammatory cells and were not counted. The
imbers of apoptotic hepatocytes and sinusoidal lining celld mm
re determined. Acidophilic bodies were counted in a similar
nner in the H + E stained slides. Serum alanine aminotransfer-

: - . > h -dase and aspartate aminotransferase (ALT and AST) values were
years. Five patients with ALD and all with autoimmune hepatit Igorded if zfvailable within 1 month of Ehe date of the)biopsy.
and PBC were seronegative for markers of hepatitis. The markerSp " giagnostic groups were compared statistically with respect
of viral hepatitis in the remaining 4 cases of ALD or drug hepatijis e frequencies of apoptotic cells/mm hepatocytes and sinu-
were not available, but clinical and pathological diagnoses of

these 4 cases were either ALD of drug hepatitis idal lining cells, using the SPSS statistic package (Chicago, IL).

All biopsies were performed using a Klatskin- modified Me The assumption of normality of the errors of the principal out-

ghini needle. The needle biopsies were fixed in Carnoy’s soluti Emes was evaluated graphically by plotting histograms of stan-

from 32 to 73 years. The 4 patients with Al/DH included 2 m
and 2 women, ranging in age from 42 to 65. The 4 patients w,
PBC included 1 man and 3 women, ranging in age from 22 to

and the wedge biopsy was fixed in formalin. All were process rdized residuals. These measures were transformed using natu-

routinely for light microscopy and stained with H + E, TrichromROI
and Gomori’s iron stain.

The principle of the ISNTA is that DNA fragmentation, an ea
ly event in the apoptotic process, yields regular arrays of fr.
DNA ends with 3'-OH groups that can be enzymatically elongat

by terminal deoxynucleotidy! transferase and labeled with nucleg; ; ; .
" ; " : s then used to test omnibus hypotheses of no difference in pop-
tides that can be visualized subsequently, using the ApopTag tion means. In the presence of significant main effects, pairwise

(Oncor, Gaithersburg, Md.). Since DNA fragments occurring dut- ’ . S . :
ing necrosis or autolysis may also react in this assay, interpreta ?éq;gzn‘?gns were made using the Tukey’s multiple comparisons

of positive staining must include an assessment as to whether

er criteria for necrosis are present and whether the cell in question

appears otherwise viable.
For staining, paraffin-embedded sections were cut at 5 rpiasults

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-N€ histologic features of all biopsy specimens are

oxigenin-labeled nucleotides for 1 h at 37°C in a humidified atmehown in Table 1. Acidophilic bodies were seen in all

spt;}ere. Tk&e incorporated r;)u%leotides weredrevealed bydincub?ég@es of CHC and CHB, often surrounded by lympho-

with anti-digoxigenin antibo conjugated to peroxidase i atrilng it ;

30 min at rogm t%mperature. Tze per!)xgildase Iabelpwas then visgéﬁtes' N_o specific zonal distribution was noted. Al blc_)p-

ized by the diaminobenzidine reaction. All sections were count& SPecimens demonstrated some degree of steatosis, but

stained with hematoxylin. steatosis was more severe in ALD than in the other

logarithms, then normality was assessed graphically again. The

mogorov Smirnov goodness-of-fit test for normality was used

0 determine if significant deviations from normality existed, even
ough the transformed variables appeared normal. These proce-
res indicated that the results were normally distributed. One
y analysis-of-variance (for completely randomized designs)




191

Table 1 Frequencies (%) of : .

Histologic Fgatures in(Eogch gj- Histological feature CHC CHB ALD Al/DH PBC
opsy Grouj: number of cases n=7 n=4 n=7 n=4 n=4
Percent of biopsies positive for

Acidophilic bodies 100 100 83 75 50
each feature 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

Fig. %A_D Composi(tje photo[jnilcrlographs”shO\II\(ing l;_SNTA-p(stieharacterized by polymorphonuclear infiltrates. Grade 2
tive hepatocytes and sinusoidal lining cells in liver biopsies fropgpular infiltrates with lvmphocvtes predominating was
patients with CHC and ALD: (A) ISNTA-positive hepatocyte i resent in half the Case)sl O?CHétandpAI/DH 9

CHC; (B) ISNTA-positive hepatocyte with steatosis in ALD; (C . "
ISNTA-positive sinusoidal lining cells in CHC; (D) ISNTA-posi-  In the normal_ _“Ver only rare ISNTA positive cells
tive sinusoidal lining cell in ALD. (ISNTA with haematoxylinwere found. Positive cells were single and widely scat-

counterstain, x20(:) tered. Positive staining in hepatocytes and sinusoidal lin-
ing cells in biopsies with hepatitis C and alcohol liver
groups. Activation of sinusoidal lining cells was found idisease is illustrated in Fig. 1. Single positive cells with-
all cases but was more frequent in CHC and CHB, thaut nuclear shrinkage or other evidence for necrosis were
in the other diseases. Cirrhosis was seen more frequefaiynd in CHC (Fig. 1A). Some steatotic hepatocytes in
in biopsies with ALD and AI/DH than in biopsies withALD were also positive (Fig. 1B). The mean numbers
CHB and CHC. No cirrhosis was found in the biopsi€¢sSEM) of positive hepatocytes/nirfor the five disease
with PBC, all of which were Stage 1. Lobular inflammagroups are shown in Fig. 2. Statistical analysis showed
tion was present in all groups except PBC. Grade 2 ihat the mean numbers of positive hepatocyte$/mene
flammation was most common in alcohol injury and wasmilar in CHC, CHB and ALD, and significantly differ-
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Hepatocytes Sinusoidal Lining Cells
) . ) Fig. 4 Bar graph showing the mean numbers (+ SEM) of ISNTA-
Fig. 2 Composite bar graph showing the mean numbers (+ SEpMjsitive hepatocytes detected by ISNTA, and acidophilic bodies
of ISNTA-positive hepatocytes and sinusoidal lining cells for eagyunted in H + E-stained sections. In each disease category (CHC,
diagnostic group. The frequency of occurrence of ISNTA-positiye= 7; CHB, n = 4; ALD, n=7; AlI/DH, n=4; PCB, n = 4) the fre-
hepatocytes was similar in CHC (n = 7), CHB (n = 4), and ALlguency of ISNTA-positive hepatocytes/minwas significantly

(n = 7). The difference between the mean frequencies in thgseater than that of acidophilic bodies (* = Tukey-HSD test, sig-
groups and those in AI/DH (n = 4) and PBC (n = 4) was signiffificant at level 0.05}

cant (* = Tukey-HSD test, significant at level 0.05). The frequency
of ISNTA-positive sinusodial lining cells was significantly greater
'J"SCD"{C fompafred to ClHB,l Q'EE' AlIDH and PBC (* = Tukey-hepatocytes. The numbers of apoptotic sinusoidal lining
est, significant at level 0.5) cellssmn? were significantly greater in CHC compared
to CHB, ALD, AlI/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/nfhwvas greater than that of acido-
philic bodies/mrain every disease category.

Discussion

% Apoptosis is a process by which single cells die by a
step-wise, enzymatically mediated serial fragmentation

Fig. 3 Liver biopsy from a patient with CHC double stained witlyf nuclear DNA without cell membrane injur -
ISNTA (red) and CD68 antibody (brown) to identify Kupffer cells jury, as op

Note the ISNTA-positive Kupffer cells in the center. (HaematOX)P-osed to NECrosis, In which the DNA is denatured ran-
lin counterstained, x100:) 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-
ent from the mean numbers in Al/DH and PBC (Tukegponse to this process, in contrast to necrosis, in which
HSD test with significance level 0.05). Serum AST andflammation may be considerable [3]. Apoptosis is
ALT levels within one month of biopsy were available ithought to occur under many different conditions [4, 5,
16 patients. There was no correlation between the fid, 18, 22, 33, 34]. It is the mechanism for deleting cells
guency of ISNTA-positive cells and the levels of AS@and reshaping tissue during embryogenesis and matura-
and ALT, the degree of steatosis, cell swelling, inflartion of tissue, and during the physiologic atrophy in re-
mation or cirrhosis (results not shown). sponse to aging or hormonal withdrawal [9]. More ger-
In normal liver ISNTA-positive sinusoidal lining cellsmaine to this study is that viruses and cytokines, such as
were not found. The numbers of ISNTA-positive sinusolNF and TGIB, may trigger the endonucleases which
dal lining cells for the five disease groups are shownrirediate apoptosis [14, 15, 19, 26, 35].
Fig. 2. In every disease category, positive staining wasln the liver, acidophilic bodies have always been as-
more frequent in the sinusoidal lining cells than in tlmed to be necrotic hepatocytes, but they are also
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called “apoptotic bodies”. They clearly represent the eimdy haematopoietic cells. However, we tried specifically
stage of cell degeneration, but the mechanisms of theimvoid counting any cells in the lumen, or cells that re-
formation are not known. There is mounting evidensembled WBCs, and counted only cells which were part
that apoptosis may be the mechanism for hepatocellwéarthe lining of the sinusoid. All of the biopsies were
death in viral infections, such as adenovirus, EBV, andunted in the same manner, and all contained either
HIV [8, 28, 31]. It is assumed that continuing inflammaportal or lobular inflammation. However, even with these
tion in response to pathogens, such as viruses, or ammfying features, the number of ISNTA-positive sinusoi-
tinuing assualt on hepatocytes by viruses or mutated dal lining cells was significantly greater in biopsies of
ruses is the basis for ongoing cell death in chronic, @aients with CHC than in the biopsies from the other
opposed to acute liver disease. The acidophilic bodiisease groups. Using a double staining technique, we
seen in chronic viral hepatitis may indeed be apoptotarind that the ISNTA-positive lining cells were Kupffer
bodies [23]. Our hypotheses were that ISNTA-positivells. One ISNTA-positive, CD68-negative cell was
cells would be more frequent in CHC, CHB and autoirfibund, but all of the other ISNTA-positive lining cells
mune hepatitis than in the other diseases, and that |8Kfe also CD68 positive. This strongly suggests that
TA assay would be more sensitive than counts of acidupffer cells may be subject to regulatory control [17]
philic bodies in assessing the amount of cell damageaimd that the hepatitis C virus, cytokines, or possibly al-
the biopsies. cohol may induce apoptosis in these cells.

There is growing controversy over the specificity of In summary, we used an ISNTA assay to detect DNA
the ISNTA assay used here. Positive staining by tffiiagmentation, which occurs in the early stages of apop-
technique has been reported in otherwise indisputatisis in liver diseases of diverse etiologies. As expected,
autolysis and necrosis [1, 7, 13]. In our study none of tijured cells detected by this technique were more fre-
biopsies showed zonal or bridging necrosis. In apoptogjgent than acidophilic bodies. Significant differences
the DNA changes precede disintegration of the celere detected in the frequency of apoptotic hepatocytes
membrane, while in necrosis these changes follow injurgtween CHC, CHB and ALD and the other diseases. An
of the cell membrane. Our results showed that the 1SMexpected finding was the high frequency of ISNTA-
TA-positive hepatocytes were single, widely scatterpositive Kupffer cells in all biopsies, but particularly in
and otherwise viable, with well defined cytoplasm arahronic hepatitis C. This suggests that both Kupffer cells
cell membranes. In addition, our double staining studnd hepatocytes are subject to regulation by apoptosis in
showed that the ISNTA-positive lining cells expressdaepatitis C infection. The pathways leading to such ef-
CD68. Therefore, we interpreted positive ISNTA staiflects are uncertain, but likely depend upon cytokines
ing as apoptosis, since the cells with ISNTA-positive nalaborated by several cell types in response to viral in-
clei had morphologically intact cytoplasm and expressgsttion.
cytoplasmic antigen (CD68). All had been fixed immedi-
ately at the biopsy procedure, ruling out autolysis. Acknowledgements This work was supported by the Depart-

; ; ; ts of Pathology and Medicine at UMMC, the former for prepa-
In all disease categories, the number of apoptotic ¢ jon and staining of the tissues and the latter for accumulation of
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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 eReferences

pected that, the mean number of ISNTA-positive

cells/mn# would be high for CHC and CHB. Surprising 1. Ansari B, Coates J, Greenstein D, Hall PA (1993) In situ end-
findings were the lower frequency of ISNTA-positive he- 'ahbes'!g‘lg ?gsg;sd D;ﬁofgfﬁ‘gg Sbt;*?tg';SJirl‘D :tﬁgllozﬁziﬁ d?g%?{h%r
patocytes '.n autoimmune and dr.uQ h.epatltls’ and th.e.hlghg\rgnds I%IJ, Morrisp RG, V\?illie AH (1990) Apoptosis: the rble
frequency in ALD. In the latter biopsies, ISNTA-positive  of the endonuclease. Am J Pathol 136:593-608

hepatocytes were located in areas of steatosis. AlthoughBursch W, Paffe S, Putz B (1990) Determination of the length
alcohol has been shown to damage hepatocyte memof the histological stages of apoptosis in normal liver and al-
branes directly, and indirectly through metabolites, therg tered hepatic foci of rats. Carcinogenesis 11:847-853

. . . Carson DA, Ribeiro JM (1993) Apoptosis and disease. Lancet
is evidence that some metabolic products (acetalde-341:1251-1254 (1993) Apop

hydes) may induce apoptosis [36]. Apoptosis has net Cohen JJ, Duke RC, Fadolk VA, Selling KS (1992) Apoptosis
been studied in autoimmune, drug hepatitis, or PBC. Of and programmed cell death in immunity. Annu Rev Immunol
interest in this study was the lack of correlation betweep 10:267-293

o . Collins RJ, Harmon B, Grobe GC, Kerr JR (1992) Internucle-
the frequency of ISNTA-positive hepatocytes and the s “osemal DNA cleavage should not be the sole criterion for

rum levels of ALT and AST. This finding supports the identifying apoptosis. Int J Radiat Biol 61:451-453
view that apoptosis is not associated with leakage of cél- Cummings CM, Winterford CM, Walker NI (1997) Apoptosis.
lular contents into the extracellular apace [4]. Am J Surg Pathol 21:88-101

A : 8. Debbas M, White E (1993) Wild-type p53 mediates apoptosis
Another unexpected finding was the high rate of ISN="\\."e %" v is innibited by E1B. Genes Dev 7:546-554

TA-positive sinusoidal Iining Ce”S_- It i$ possible' thatg, Farber E (1994) Programmed cell death: necrosis versus apop-
some of the cells counted in the sinusoids were circulat-tosis. Mod Pathol 7:605-609




194

10. Gavrieli Y, Sherman Y, Ben-Sasson SA (1992) Identificati®8. Roberts J, Searle J, Cooksley W (1993) Histological patterns
of programmed cell death in situ via specific labeling of nucle- of prolonged hepatitis C infection. Gastroenterol Jpn 28

ar DNA fragmentation. J Cell Biol 119:493-501 [Suppl 5]:37-41
11. Gerschenson LE, Rotello RJ (1992) Apoptosis: a differezt. Rosser BG, Gores GJ (1995) Liver cell necrosis: cellular
type of cell death. FASEB J 6:2450-2455 mechanisms and clinical implications. Gastroenterology

12. Gorzyca W (1992) DNA strand breaks occurring during apop- 108:252-275
tosis — their early in situ detection by terminal deoxynucleoti@s. Schmitz G (1991) Nonradioactive labelling of oligonucleo-
yl transferase and nick translation assays and prevention bytides in vitro with the hapten digoxigenin by tailing with ter-
serine protease inhibitors. Int J Oncol 1:639—-648 minal transferase. Anal Biochem 192:222-231
13. Grasl-Kraupp B, Ruttkay-Nedecky B, Kondelka H, Bukowsk26. Sun DY, Jiang Z, Zheng LM, Ojcious DM, Young JD (1994)
K, Bursch W, Schulte-Hermann R (1995) In situ detection of Separate metabolic pathways leading to DNA fragmentation
fragmented DNA (TUNEL assay) fails to discriminate among and apoptotic chromatin condensation. J Exp Med
apoptosis, necrosis and autolysic cell death: a cautionary note.179:559-568
Hepatology 21:1465-1468 27. Thiry M (1992) Highly sensitive immunodetection of DNA on
14. Gressner AM, Polzar B, Lahme B, Mannherz H-G (1996) In- sections with exogenous terminal deoxynucleotidyl transferase
duction of rat liver parenchymal cell apoptosis by hepatic and non-isotopic nucleotide analogs. J Histochem Cytochem
myofibroblasts via transforming growth factfr Hepatology 40:411-419
23:517-581 28. Vaux D (1993) Toward an understanding of the molecular
15. Leist M, Gantner F, Bohlinger I, Germann PG, Tiegs G, Wen- mechanisms of physiological cell death. Proc Natl Acad Sci
del A (1994) Murine hepatocyte apoptosis induced in vitro and USA 90:786—789
in vivo by TNFa requires transcriptional arrest. J ImmunoR9. Walker PR, Kokileva L, LeBlance J, Sikorska M (1993) Detec-
153:1778-1788 tion of the initial stages of DNA fragmentation in apoptosis.
16. Lennon S, Martin S, Cotter T (1991) Dose-dependent induc- Biotechniques 15:1032-1047
tion of apoptosis in human tumour cell lines by widely diver@0. Wijsman JH, Jonker RR, Keijzer R, Vande Velde CJ, Corn-
ing stimuli. Cell Prolif 24:203-214 elisse CJ, van Dierendonck JH van (1993) A new method to
17. Munn DH, Beall AC, Song D, Wrenn RW, Throckmorton DC detect apoptosis in paraffin sections: in situ end-labeling of
(1995) Activation-induced apoptosis in human macrophages: fragmented DNA. J Histochem Cytochem 41:7-12
developmental regulation of a novel cell death pathway By. Williams GT, Smith CA (1993) Molecular regulation of apop-
macrophage colony-stimulating factor and interfeyod Exp tosis: genetic controls on cell death. Cell 74:777-779
Med 181:127-136 32. Wyllie AH (1980) Glucocorticoid-induced thymocyte apopto-
18. Ogasawara J, Watanabe-Fukunaga R, Adachi M, Matsuzawasis is associated with endogenous endonuclease activation. Na-
A, Kasugai T, Kitamura Y, Itoh N, Suda T, Nagata S (1993) ture 284:555-556
Lethal effect of the anti-Fas antibody in mice. Naturg3. Wyllie AH (1992) Apoptosis and the regulation of cell num-

364:806-809 bers in normal and neoplastic tissues: an overview. Cancer
19. Patel T, Gores GJ (1995) Apoptosis and hepatobiliary disease Metastasis Rev 11:95-103
Hepatology 21:1725-1741 34. Wyllie AH, Kerr JFR, Currie AR (1980) Cell death: the signif-

20. Pulford KA, Rigney EM, Micklem KJ, Jones M, Stross WP, icance of apoptosis. Int Rev Cytol 68:251-306
Gatter KC, Mason DJ (1989) KP1 — a new monoclonal an85. Yamamoto M, Ogawa K, Morita M, Fukuda K, Komatsu Y
body that detects a monocyte/macrophage associated antigen iff1996) The herbal medicine inchin-ko-to inhibits liver cell ap-
routinely processed tissue sections. J Clin Pathol 42:414-421 optosis induced by transforming growth facgdr. Hepatology

21. Que FG, Gores GJ (1996) Cell death by apoptosis: basic con-23:552-559
cepts and disease relevance for the gastroenterologist. Gasgt6o-Zimmerman B, Mapoles J, Simon F (1993) Mechanisms of ac-
enterology 110:1238-1243 etaldehyde mediated growth inhibition: delayed cell cycle pro-

22. Reed J (1994) Bcl-2 and the regulation of programmed cell gression and induction of apoptosis (abstract). Hepatology
death. J Cell Biol 124:1-6 18:152



