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that the combination of TGF-b1 expression coupled withRecently, cases of liver damage and liver tumors have
a strikingly enhanced sensitivity to the induction ofbeen reported after treatment of prostate cancer pa-
apoptosis could be responsible both for the liver damagetients with the antiandrogen cyproterone acetate (CPA).
and the development of liver tumors observed afterIn rat liver, CPA initiates a wave of DNA synthesis that
treatment with CPA. (HEPATOLOGY 1996;23:329-337.)is accompanied by apoptosis. In apoptotic hepatocytes,

a latent form of transforming growth factor b1 (TGF-b1)
is detectable by immunohistochemistry. Injection of a
single dose of TGF-b1 induces apoptosis in the liver of The antiandrogen cyproterone acetate (CPA) is used
animals pretreated with CPA but has an insignificant for the treatment of hirsutism or acne in females1-3 andeffect in untreated animals. In this study, we show by for prostatic cancer in male patients.1 Cases of severeNorthern analysis that there is increased expression of

liver damage have been reported after administrationTGF-b1 in the liver after CPA treatment. Detection of
of both CPA and flutamide4-11 to male patients withTGF-b1 with in situ hybridization showed that TGF-b1
prostate cancer5-11 and postmenopausal women withwas synthesized in the parenchymal cells. Time course

and dose-response experiments performed 48 hours advanced breast cancer.4 Signs of hepatitis included
after the last application of CPA showed that apoptotic jaundice, fatigue, nausea, elevated serum levels of liver
nuclei with chromatin condensed at the nuclear periph- enzymes, different types of necrosis (bridging, conflu-
ery (AN) were already visible 2 hours after injection ent, and centrilobular), and inflammation.5-11 After
(0.13%), and apoptotic bodies (ABs) increased 2 to 9 withdrawal of CPA or flutamide, some patients slowlyhours after the injection (from 1.28% to 6.67%) after 25 recovered within 2 to 3 months of withdrawal of themg TGF-b1/kg. At 4.5 hours after injection, an induction

drug; however, in some cases the incurred liver damageof apoptosis could be detected with 0.25 mg TGF-b1/kg
was too high to allow recovery.4-11

and after the maximum dose (250 mg TGF-b1/kg) ANs
Furthermore, a few cases of tumors have been found(0.24%) and ABs (16.74%) were homogeneously distrib-

uted throughout the liver lobe. Irrespective of the dose in prostate carcinoma patients treated with CPA12,13

or time after injection of TGF-b1, 82% of the ABs were and women having been treated with a high dose of
localized within hepatocytes. Liver enzymes were de- CPA at puberty14 and also in the case of a woman tak-
tected in high amounts in the serum (eightfold elevation ing CPA in combination with a contraceptive for 14
of glutamate dehydrogenase, fivefold elevation of ala- years.15

nine transaminase [ALT]) 7 hours after the first visible In short-term experiments, daily treatment of ratssign of apoptosis. After an additional 20 hours, the liver
with CPA leads to an increase of liver weight up tocontained many necrotic figures. These results suggest
160% to 200%,16-20 and 24 hours after the first dose,
both DNA synthesis16,20 and apoptosis17-20 increase dra-
matically. Despite the continuous treatment, the in-

Abbreviations: CPA, cyproterone acetate; TGF-b1, transforming growth fac- crease in DNA synthesis starts to decrease after 48tor-b1; ALT, alanine transaminase; AP, alkaline phosphatase; BSA, bovine
hours.16,20 After withdrawal of the drug, the first waveserum albumin; AN, apoptotic nucleus; AB, apoptotic body.
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BSA buffer at a final concentration resulting in a similara wave of DNA synthesis and mitosis followed by
amount of injected buffer per animal (2 mL BSA buffer/kgapoptosis.22

rat). Four to six animals were used for treatment with TGF-In 85% of the apoptotic hepatocytes, an inhibitor of
b1, and seven animals for sham treatment (controls). Controlepithelial growth, transforming growth factor b1 (TGF-
animals were treated with both corn oil (intragastrically) andb1), is detectable in its latent form by immunohisto-
BSA buffer (injection into the tail vein). Great care was takenchemistry,23 suggesting that TGF-b1 is synthesized by in keeping the exact intervals between injection of TGF-b1

the parenchymal cells. Five hours after injection of 25 and killing of the animal (average SD of the interval of 2%).
mg TGF-b1/kg, apoptosis is induced at a highly signifi- After decapitation, blood from each animal was collected and
cant extent in rat livers pretreated with CPA and only allowed to clot for 1 to 2 hours at 47C before serum prepara-
to an insignificant extent in untreated livers.24,25 CPA tion. Immediately after blood collection, the livers were
on its own induces apoptosis in primary rat hepatocytes quickly excised, blotted, and weighed. A 1-g aliquot was re-

moved for messenger RNA analysis. Slices were fixed in Car-and augments apoptosis induced by TGF-b1.26 Thus,
noy’s solution for the morphological evaluation of apoptosisCPA primes hepatocytes to undergo apoptosis, as al-
or in 4% buffered formaldehyde for in situ hybridization.ready suggested by the highly increased basal inci-

Serum Enzyme Assays. Serum from each animal was pre-dence of apoptosis in rat livers treated with CPA.17,19,20

pared and stored at 0207C. The activity of glutamate dehy-Bursch et al19 already showed a small but statisti-
drogenase (GLDH), aspartate transaminase, ALT, and APcally significant elevation of alanine transaminase was determined according to standard procedures at the First

(ALT) levels in serum of CPA-treated female Wistar Clinic of the University of Veterinarian Medicine in Vienna.
rats.19 Previously, we also found a slightly elevated Morphological Evaluation of Apoptosis. After staining of
level of ALT and alkaline phosphatase (AP), which oc- sections with hematoxylin-eosin, the incidence of apoptosis
curred in parallel with increased apoptosis 5 hours was determined essentially as described.25 The incidence of
after injection of 25 mg TGF-b1/kg.25 Thus, we hypothe- apoptosis was evaluated by scoring 55 to 65 fields correspond-

ing to approximately 1,500 hepatocytes of one hematoxylin-sized that apoptosis after CPA can be linked with signs
eosin–stained liver section under the light microscope: nor-of hepatitis, as had been observed in rat livers after
mal hepatocytes, hepatocytes in the earliest detectable stageinjection of a single dose of thioacetamide27 and in mice
of apoptosis containing apoptotic nuclei (AN) with chromatinlivers after massive apoptosis induced by injection of
condensing at the nuclear periphery, apoptotic bodies (ABs)anti-fas antibody.28

formed after fragmentation of the apoptotic cell. Further-In summary, these observations suggested that a more, it was determined whether the ABs were alreadyconstant synthesis of TGF-b1 by the parenchymal cells phagocytosed by their neighbor cells by morphological deter-
in parallel with an enhanced sensitivity to undergo mination of whether they were extracellular or intracellular.
apoptosis after TGF-b1 could be responsible for both RNA Analysis. RNA (30 mg) samples from regressing liver
the signs of severe hepatitis observed in prostate carci- were resolved by denaturing glyoxalagarose gel electrophore-
noma patients who had been treated with CPA and the sis. The separated RNAs were transferred to a Zetabind nylon
development of liver tumors, because these conditions membrane (Whatman, Maidstone, England) and were cross-

linked under ultraviolet light (254 nm). The membrane wasselect for a cell escaping the induction of apoptosis by
hybridized to a 32P-labeled human TGF-b1 complementaryTGF-b1.
DNA probe (Clontech, Palo Alto, CA) according to standardTo verify this hypothesis, we therefore measured
protocols before autoradiography at 0707C. A 32P-labeled oli-TGF-b1 synthesis after CPA treatment using Northern
gonucleotide hybridization probe for human 28S ribosomalanalysis and also determined which cells synthesize
RNA (Oncogene Science, Manhasset, NY) was used to com-TGF-b1 by in situ hybridization. In addition, we have
pare the amounts of RNA transferred onto the membrane.established a time course and dose-response curve of

In Situ Hybridization. For in situ hybridization, liver slicesinduction of apoptosis after TGF-b1 treatment and de- were paraformaldehyde fixed and embedded in paraffin. Par-
termined the activity of liver enzymes in sera of these affin sections 4 to 6 mm thick were adhered to slides pre-
animals. Finally, we analyzed the histology of hyper- treated with 2% 3-aminopropyl-triethoxysilane in acetone.
plastic livers treated with CPA before and after induc- Deparaffination was performed according to standard proto-
tion of apoptosis by TGF-b1. cols and samples then dehydrated in ethanol. Prehybridiza-

tion was carried out for 2 hours at 427C; hybridization was
MATERIALS AND METHODS performed for 3 hours at 427C with a 35S-labeled riboprobe

for a human TGF-b1 gene.Materials. Recombinant mature TGF-b1 synthesized by
The sections were washed with 0.91 standard saline ci-CHO transfectants was a gift from Bristol-Myers Squibb (Se-

trate containing 35% formamide at 557C for 30 minutes andattle, WA). CPA was a gift from Schering (Berlin, Germany).
then treated with ribonuclease A (Boehringer-Mannheim, In-Animals and Treatment. Liver hyperplasia was induced in
dianapolis, IN) at 377C for 30 minutes. The slides were rinsedfemale Wistar rats (160-170 g, 5-6 weeks old) by daily intra-
twice in 0.11 standard saline citrate for 1 hour at room tem-gastric administration of CPA dissolved in corn oil for 7
perature, dehydrated in ethanol, coated with NTB-2 emulsiondays24,25 and 2.5, 19.5, and 43.5 hours after the last dose of
(Eastman Kodak Co., Rochester, NY), and exposed for 2CPA TGF-b1 dissolved in bovine serum albumin (BSA) buffer
weeks at 47C. After developing, the slides were counter-(10 mmol/L Tris-HCl, pH 7.4, 1 mg/mL BSA, 4 mmol/L HCl)
stained with hematoxylin and eosin.was administered at a dose of 25 mg/kg by injection into the

Statistical Analysis. The means{ SEM of the experimentstail vein. Some animals were killed 4.5 hours later (dose re-
are shown. Pairwise testing was performed with Student’s tsponse), and some were killed at several additional times

(time course). TGF-b1 (0.025 to 250 mg/kg) was dissolved in test.
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expression could be detected in sham-treated livers
(Fig. 3a). However, in hyperplastic livers of animals
having received the last dose of CPA 7 hours before
killing, a high percentage of cells expressing TGF-b1
mRNA can be observed throughout the liver lobe (Fig.
3b).

The positive hepatocytes, especially those strongly
expressing TGF-b1, are zonally distributed around the
blood vessels, preferentially around the central veins.
No significant signal over that of background was ob-
served with a sense orientation of the TGF-b1 probe
(Fig. 3c and c*). In situ hybridization of regressing liv-
ers 48 hours after the last application of CPA showed
fewer cells expressing TGF-b1. Cells producing TGF-
b1 were scattered and showed no preference for the
periportal or perivenous zone. A closer morphological
evaluation indicated that cells synthesizing TGF-b1
represented the parenchymal cells, because hepato-
cytes expressing TGF-b1 can be easily distinguished

FIG. 1. Effect of CPA on body weight. Animals were treated intra- from the nonparenchymal cells according to nuclear
gastrically with CPA suspended in corn oil (j) or with corn oil only size and shape and localization in the sinusoid (arrows(h). *P ° .05; ****P ° .0001 vs. control.

in Fig. 3f and g). No TGF-b1 messenger RNA could
be found in the ABs. This is not surprising, because
degradation of RNA accompanies DNA degradation

RESULTS during apoptosis.29

Induction of Apoptosis by TGF-b1 in CPA-TreatedAnimal Weights. Control animals showed a steady
increase in weight, whereas animals treated with CPA Livers. In our recent publications,24,25 we could show

that TGF-b1 is able to induce apoptosis in regressingdeveloped a slight increase in body weight for 2 days
(Fig. 1). This increase then showed a highly significant livers if TGF-b1 was injected 5 or 5 and 28 hours before

killing. Here we wanted to investigate if apoptosisdecline from day 2 onwards (Dd2 to d3, P° .0001). We
noted that from day 3 onwards a few of the animals could also be induced in livers at other times after the

last dose of CPA. To answer this question, we used thesuffered from mild cachexia. Thus, after 7 days of treat-
ment with CPA, the animals had lost 4% of their body livers prepared for analysis of TGF-b1 expression by

Northern blot shown in Fig. 2. Briefly, animals receivedweight, whereas control animals had gained 4% of body
weight. These changes in body weight were the same a single injection of TGF-b1 (25 or 250 mg/kg) or BSA

buffer 4.5 hours before killing of the animals 7, 24, orin three independent experiments. The decline in body
weight stopped 2 days after the cessation of treatment 48 hours after the last dose of CPA. We determined

apoptosis in these livers by evaluation of the numberwith CPA (Dd7 to d8, P ° .05).
One of the most obvious effects of this CPA treat- of apoptotic nuclei (AN) and apoptotic bodies (AB) in

H&E–stained sections, because we found that thement regimen is the strong induction of liver hyperpla-
sia.18-20 In this experiment, the liver weight of CPA- methods of in situ tailing and in situ nick translation

for detection of different stages of apoptosis are of notreated animals had doubled (6.16 { 0.14 g liver/body
weight compared with 2.7 { 0.09 g/100 g in sham- additional help in evaluating the number of apo-

ptoses.30As shown in Fig. 4, apoptosis could be inducedtreated livers).
Expression of TGF-b1 in CPA-Treated Livers. Ex- at all three times at a similar extent, although the

basal incidence of apoptosis varies considerably afterpression of TGF-b1 was determined in livers 7, 24, and
48 hours after the last application of CPA (Fig. 2). cessation of treatment with CPA, as described be-

fore.17-20,24,25Seven hours after the last dose of CPA, the liver is still
hyperplastic, whereas 48 hours after the last dose it is Time Course and Dose Response of Induction of

Apoptosis by TGF-b1. We injected 25 mg TGF-b1/kgalready in a stage of regression because of a further
increase in apoptosis.17-20,24,25 As shown in Fig. 2, at all into the tail vein of animals having received the last

dose of CPA 43.5 hours ago. The first morphologicaltimes TGF-b1 was highly expressed. Injection of TGF-
b1 4.5 hours before analysis did not lead to a further detectable stage of apoptosis, AN, could be detected as

early as 2 hours after injection (Fig. 5A). It was noticedincrease in expression of TGF-b1. Thus, CPA treat-
ment results in increased expression of TGF-b1 mes- that throughout the liver lobe areas of high incidence

of AN changed with areas of no incidence of AN. Thesenger RNA, which was undetectable in sham-treated
animals. observation that groups of cells start to undergo

apoptosis instead of single cells scattered homoge-To determine which cells were synthesizing TGF-b1,
we investigated TGF-b1 expression by in situ hybrid- neously throughout the cellular population had already

been made in hepatocyte monolayers after TGF-b1.ization (Fig. 3). As expected, no increase in TGF-b1
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FIG. 2. Expression of TGF-b1 mRNA in CPA-treated livers. Animals were treated for 7 days with CPA as described in Materials and
Methods. Animals were killed 7, 24, and 48 hours after the last application of CPA. Additional animals received a single injection of TGF-
b1 (25 mg/kg, /; 250 mg/kg, //) or BSA buffer (0) 4.5 hours before killing. After isolation of RNA from control, CPA and CPA / TGF-b1–
treated livers, 30 mg total RNA was used for Northern analysis. Equivalent RNA loading and transfer was confirmed by subsequent probing
with a human 28S ribosomal RNA oligonucleotide.

The number of ABs starts also to increase 2 hours after apoptosis by TGF-b1 is indeed dose dependent (Fig.
5D, E). An increase of apoptosis above the basal levelinduction of apoptosis and shows an increase up to 9

hours after injection (Fig. 5B). Interestingly, the in- in regressing liver could be achieved by 0.25 mg TGF-
b1/kg. At the highest dose investigated, apoptotic cellscrease of AN is highest at 2 hours and that of ABs 9

hours after injection, respectively. were homogeneously distributed throughout the liver
lobe at a rate of 16.7% { 1.2% (Fig. 5D), and the basalFor the dose experiment, we injected TGFb1 at dif-

ferent doses/kg into tail veins of animals having re- rate of apoptosis (1.3 { 0.3%) was increased 13-fold.
With this dose the incidence of prestages (AN) was alsoceived the last application of CPA 43.5 hours ago and

killed the animals 4.5 hours thereafter. The dose- significantly increased (Fig. 5D). At the doses of 25,
75, and 250 mg/kg TGF-b1 the ratio of ABs withoutresponse experiment showed that the induction of

FIG. 3. In situ hybridization
analysis for TGF-b1 in CPA-
treated livers. Liver slices were
fixed in 4% paraformaldehyde
and prepared for in situ hybrid-
ization as described in Materials
and Methods. Samples were hy-
bridized to a 32P-labeled human
TGF-b1 riboprobe and visual-
ized on autoradiography. (a) con-
trol liver; (b-d) 7 hours after last
CPA (hyperplastic liver); (e-g) 48
hours after last CPA (regressing
liver). (b*, c*, and e*) dark field
of c, e; c sense probe. (d, f, and
g) higher magnification. PC,
pericentral zone; PP, periportal
zone. Arrows, ABs (f, and g).
(Bars Å 10 mm.)
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chemical properties, this staining is not as useful for
evaluation of necrosis and nuclear pyknosis as are the
conventional cross-linking fixatives. Therefore, we
used the liver sections fixed with paraformaldehyde for
the morphological detection of necrosis (Fig. 7). Control
livers were without any obvious accumulation of lipid
droplets despite the continuous intragastric applica-
tion of oil (Fig. 7a and a*). After this regimen of treat-
ment with CPA, the liver turned to a fatty liver, as
shown by the yellowish color and the huge amount of
lipid droplets in the parenchyma of the hepatocytes
as determined by shape (Fig. 7b and b*) and glycogen
staining (data not shown). In addition, hyperplastic liv-
ers showed swollen hepatocytes and a slight dearrange-
ment of the hepatic sinusoids. A few hepatocytes had
a stronger eosinophilic cytoplasm and pyknotic nuclei,
indicating necrosis (Fig. 7b and b*). We induced
apoptosis in these livers by a single injection of 75 mg
TGF-b1/kg. The livers were examined after the wave

FIG. 4. Induction of apoptosis in the liver at different points after of apoptosis had passed (29 hours after the injection).
the last application of CPA. Animals received a single injection of
TGF-b1 (25 mg/kg, /; 250 mg/kg, //) or BSA buffer (0) 4.5 hours
before killing. The sum of ANs and ABs was evaluated in H-E sec-
tions as described in Materials and Methods. *P ° .05; **P ° .01;
***P° .001; ****P° .0001 TGF-b1 vs. sham-treated livers (vs. CPA-
treated livers).

chromatin to ABs with chromatin was 4.5 { 0.4, 4.0
{ 0.3 and 3.3 { 0.3. Thus, four of five ABs contain no
chromatin. This ratio was also found by Bursch et al.18

Phagocytosis and Release of Enzymes Into the Blood
After TGF-b1. For the determination of phagocytosis,
we analyzed if the ABs were extra hepatocellular or
intrahepatocellular. We found no statistically signifi-
cant time or dose differences in phagocytosis at differ-
ent times after injection (Fig. 5C) or different doses
of TGF-b1 (Fig. 5F). This suggests that phagocytosis
occurs immediately after cellular fragmentation. Re-
lease of glutamate dehydrogenase, aspartate transami-
nase, and ALT into serum began to increase 6 hours
after injection (Fig. 6), which means 4 hours after the
first visible sign of apoptosis. Thus, at the end of the
experiment (9 hours after injection), serum levels of
GLDH were eightfold; ALT, 5.2-fold; and aspartate
transaminase, 2.3-fold elevated. A parallel increase of
release of AP indicates that the endothelial cells are
also affected. In the dose-response experiment, only the
highest dose of TGF-b1 is able to trigger a small release
of GLDH and ALT without any significant effect on
release of aspartate transaminase and AP (Fig. 6E to FIG. 5. Time course and dose response of induction of apoptosis.

Animals were treated for 7 days with CPA as described in MaterialsH). This confirms the observation made in the time
and Methods. For the time course experiment (A-C), TGF-b1 wascourse experiment; namely, here is a lag phase between
injected at a dose of 25 mg/kg rat 43.5 hours after the last applicationthe morphological signs of apoptosis and release of liver
of CPA and animals killed at different times thereafter. For theenzymes. dose response experiment (D-F), animals were killed 4.5 hours after

Histological Examination of Hyperplastic Livers Be- injection of TGF-b1 at several doses. The number of normal hepato-
cytes, ANs, and ABs were evaluated in several microscopic fields offore and After TGF-b1. For evaluation of apoptotic cells
H-E–stained liver sections. (A and D) AN; (B and E) AB in percentin the liver, routinely Carnoy’s fixative is applied.17-19,24,25

of (ANs / ABs / normal hepatocytes). (C and F) phagocytosis ofThis fixative swells the nucleus and extracts the cyto- ABs, intracellular ABs in percent of intracellular and extracellular
plasm, which allows a clear discrimination between (Å total) ABs. *P ° .05; **P ° .01; ***P ° .001; ****P ° .0001 vs.

control livers (43.5 hours after last CPA).ANs, ABs and normal hepatocytes. Because of these
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antiandrogen CPA. Firstly, Northern analysis showed
that TGF-b1 was expressed in livers undergoing hyper-
plasia and also during regression (Fig. 2). Secondly,
as shown by in situ hybridization (Fig. 3), the cells
synthesizing TGF-b1 were the parenchymal cells.
Thus, we now show for the first time that TGF-b1 can
be synthesized by hepatocytes after treatment with an
antihormone. This observation demonstrates an im-
portant difference between hyperplastic DNA synthe-
sis leading to an increase in liver weight (e.g., after
treatment with CPA) and regenerative DNA synthesis
leading to restorage of liver weight (e.g., after partial
hepatectomy). In the latter case, regenerative DNA
synthesis is followed by synthesis of TGF-b1 in the
nonparenchymal cells.31-33 Also regenerative DNA syn-
thesis is not accompanied by a marked increase in
apoptosis. Furthermore, regenerative DNA synthesis
is preceded by expression of of c-jun, c-fos, and c-myc,34

whereas hyperplastic DNA synthesis is followed by in-
creased expression of c-ras20 and no expression of c-
jun, c-fos, and c-myc.20,34 Regenerative DNA synthesis
is commonly used for fixation of the DNA damage in-
duced by a genotoxic carcinogen, whereas hyperplastic
DNA synthesis cannot fulfill this purpose.35-37

In our previous studies,24,25 we demonstrated that
the livers of animals pretreated with CPA were far
more susceptible to undergo apoptosis after an injec-
tion of TGF-b1. In this report, we have analyzed the
time course and dose response of the induction of
apoptosis. Within 2 hours after injection of TGF-b1, the
first stage of apoptosis was observed (Fig. 5). Apoptosis
induced by the anti-fas antibody in mice liver is also
detectable within 2 hours’ time after administration.28

This suggests that 2 hours probably represents the
time necessary for the hepatocytes to initiate the first
morphologically detectable signs of apoptosis. The in-
crease in AN is followed by a steep increase in ABs,FIG. 6. Release of enzymes into the blood after administration

of TGF-b1. (A-D) time course; (E-H) dose response experiment. (A and induction of apoptosis by TGF-b1 was clearly dose
and E) GLDH; (B and F) aspartate transaminase; (C and G) ALT; dependent (Fig. 5). The serum level of liver enzymes
(D and H) AP. (A-D) time course; (E-H) dose response. Curves and starts to increase 6 hours after injection of TGF-b1,symbols defined in legend to Figure 6.

although no morphological signs of necrosis were ob-
servable (Fig. 6). This is not only the case for hepato-

Sections showed confluent necrotic areas lacking any cyte-derived enzymes, but also for the enzyme AP,
nucleus (Fig. 7c and c*). At higher magnifications, rem- which is found in the endothelial cells. We have already
nants of apoptotic bodies were detectable in a confluent shown previously25 that apoptosis is accompanied by a
area surrounding a central vein. Thus, apoptosis in- slight, but statistically significant, increase in the se-
duced by TGF-b1 is clearly followed by necrosis. Sur- rum levels of ALT (2.4-fold) and AP (1.84-fold) during
prisingly, no signs of inflammation were detectable in liver regression after withdrawal of CPA. In these liv-
the necrotic areas in hyperplastic livers before and ers, the incidence of ABs was 1.46%. Therefore these
after application of TGF-b1. data would suggest that the liver can only accommo-

date a certain amount of apoptosis, namely, about 1%,
DISCUSSION which is approximately 20-fold the basal rate of

Our experiments demonstrate that the following apoptosis,18,20 before undergoing secondary necrosis in
the surrounding parenchyma.events occur in the liver after treatment of rats with the

c
FIG. 7. Morphology of the liver after injection of TGF-b1. H-E staining. Animals were treated for 8 days with CPA (4∗100 mg/kg, 4∗130

mg/kg). Two hours after the last application, TGF-b1 was injected at a dose of 75 mg/kg. (a, a*) control liver; (b, b*) hyperplastic liver 2
hours after last CPA; (c, c*) hyperplastic liver 31 hours after last CPA and 29 hours after 75 mg/mL TGF-b1. (a-c, low magnification; a*-c*,
high magnification.) PC, pericentral zone; PP periportal zone. Large arrows, necrotic eosinophilic hepatocytes with pyknotic nuclei (b*);
small arrows, lipid droplets (b*); thin arrows, vacuoles containing remnants of ABs (c*). (Bars Å 10 mm.)
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After apoptosis had ceased, the liver was full of ne- have an effect on any organ where an androgen recep-
tor exists.1crotic figures, and after massive apoptosis even conflu-

The tumorigenicity of CPA can most probably be at-ent necrosis was observed (Fig. 7). Interestingly, no
tributed to both the genotoxicity45-47 (although we as-inflammatory cells were observed in parallel with ne-
sume that certain aspects of it are linked withcrosis, as is seen in the liver when necrosis occurs after
apoptosis) and the synthesis of TGF-b1 in parenchymalapoptosis has been induced with a single dose of thio-
cells, which occurs in parallel with a strikingly en-acetamide27 or anti-fas.28

hanced sensitivity to undergo apoptosis. We have sug-The lack of inflammation could be caused by the syn-
gested that development of liver cancer, like other car-thesis of clusterin or the presence of TGF-b1; it has
cinomas, can be linked with an escape from the growthbeen shown by Bursch et al38 that clusterin is synthe-
inhibitory effects of TGF-b1, because many oncogenessized in livers of animals treated with CPA and paral-
and spontaneously transformed rat liver cells becamelels the increase in apoptosis. Although the precise
completely or partially resistant to the growth inhibi-function of clusterin is under discussion, it has been
tory effects of TGF-b1.48,49 Studies with human liverssuggested that it functions as an immunosuppressive
performed in view of this hypothesis showed that hu-agent or a transporter of lipids, facilitating the trans-
man hepatomas express TGF-b1 as detected by in situport of lipids not only between organs but also between
hybridization and immunohistochemistry; yet theycells within a tissue.39 This could explain the observed
possess a defect in TGF-b1 receptor processing.50 Fur-effect of CPA on accumulation of lipid droplets (Fig. 7).
thermore, if the synthesis of TGF-b1 can indeed beAnother explanation for this lack of inflammation may
linked with the binding of CPA to the androgen recep-be the presence of TGF-b1 itself; it has been shown
tor, then a clonal expansion of cells lacking the andro-that TGF-b1 suppresses the inflammatory response in
gen receptor can be induced after prolonged treatmentpatients with chronic hepatitis B.40 Whichever expla-
with CPA.nation is true, the experimental regimen described in

this report shows that the histological and biochemical
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