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ABSTRACT

The activity of 0-glucuronidase in methyl-/V-nitrosourea-induced rat
mammary tumors regressing after ovariectomy was studied. 0-Glucuron-
idase, acid phosphatase, and 0-hexosaminidase were similarly increased
in the lysosome-rich fraction of regressing compared to growing tumors,
whereas in the soluble fraction, a 5-fold increase in the activity of ÃŸ-
glucuronidase midway regression was not paralleled by an increase in the
specific activity of the other two enzymes. Results of sedimentability
studies indicated an equal stability of the lysosomes at the two tumor
conditions.

The elevated 0-glucuronidase activity in the soluble fraction was
completely precipitable by rabbit monospecific antisera against /8-glucu-
ronidase from other species. The activity in the soluble and in the
lysosome-rich fraction showed a similar pH dependence and electropho-
retic mobility of immunoreactive subunits, and only minor differences in
affinity towards concanavalin A:Sepharose. Thus, the increased "soluble"

/9-glucuronidase activity is neither tumor nor cytosol specific.
Cell death during tumor regression is believed to occur according to a

controlled sequence of event, called apoptosis. Dying cells become apop-
totic bodies which are further degraded during phagocytosis by neigh
boring tumor cells. We discuss that breakage of these bodies during
homogenization of the tumor is the cause for the observed increase in
soluble /3-glucuronidase activity, while the lysosomes of the ingesting
tumor cells remain intact. Physiologically, the enhanced intratumoral
availability of 0-glucuronidase and other lysosomal enzymes might facil
itate the hydrolysis of conjugates of a variety of xenobiotics and, possibly,
also of steroid hormones.

INTRODUCTION

The alkylating agent aniline mustard is known to be metab
olized in liver to the /3-glucuronide of /Â»-hydroxyanilinemustard
(1). /Â»-Hydroxyaniline mustard is considerably more cytotoxic
than the parent drug, in contrast to its glucuronide. It has been
argued that the effectiveness of aniline mustard as a cytostatic
agent against several murine tumors is related to the extent to
which p-hydroxyaniline mustard can be liberated from its glu
curonide (2). Two transplantable mouse tumors owe their high
sensitivity towards aniline mustard to a high level of ,0-glucu-
ronidase (3, 4).

Hormone-sensitive rat mammary tumors respond to ovariec
tomy with a marked increase in the activity of several acid
hydrolases, among which is /3-glucuronidase (5-9). The in
creased activity of these enzymes corresponds to de novo syn
thesis of enzyme proteins (6, 10, 11). Morphologically, regres
sion of hormone-dependent tumors proceeds via a process of
cellular and nuclear condensation during which the integrity of
cell organelles is long maintained (12-14). However, in homog-
enates of regressing tumors an increased ratio of free (nonse-
dimentable) versus bound (sedimentable) acid hydrolase activity
was observed when compared to growing tumors (6, 10). These
findings suggest that, upon a hormonal trigger, either labiliza-
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tion of the lysosomal membrane occurs, leading to release of
the increased acid hydrolases into the cytosol, or newly synthe
sized enzymes accumulate in a pre- or nonlysosomal form.

While glucuronidation of xenobiotics has been studied exten
sively and is known to occur mainly in the liver by microsomal
glucuronyltransferases (15), very little is known about the oc
currence of deconjugation processes and the subcellular local
ization thereof in tissues other than the liver. In DMBA3-

induced rat mammary tumors an enhanced cytostatic effective
ness of aniline mustard has been found during ovariectomy-
induced tumor regression (16). Elevated levels of /3-glucuroni
dase might be responsible for the marked activity of aniline
mustard.

Various forms of ÃŸ-glucuronidase residing in different sub-
cellular compartments have been described in rodent tissues
(17, cf. 18). It seemed of interest to study to which form the
increased content of the enzyme in regressing rat mammary
tumors has to be ascribed and to assess its relative contribution
to the supply of free, readily accessible enzyme in vivo.

We have studied the subcellular localization, the immunolog-
ical identity, and some molecular and kinetic properties of ÃŸ-
glucuronidase in rat mammary tumors at various degrees of
regression. Some of the above characteristics were compared
with those of two other degradativi- enzymes in the same tissues,
acid phosphatase and /3-hexosaminidase.

MATERIALS AND METHODS
Induction of Mammary Tumors and Ovariectomy-induced Regression.

Female inbred Sprague-Dawley rats were treated with the carcinogen
MNU as described in the legend to Fig. 1. Animals were inspected
weekly. In 92% of the animals at least one tumor appeared within 40
to 120 days after induction. Tumor masses were estimated according
to the method of Benckhuijsen et al. (16). When tumors reached a mass
of 8 cm3, regression was induced by ovariectomy performed under ether

anesthesia.
Suspensions of single tumor cells for fluorescence microscopy were

prepared according to the method of Wiepjes and Prop (19).
Tumor and plasma levels of estrogen were determined by RIA as

described in Ref. 20.
Cellular Fractionation. After excision, tumors were minced in ice-

cold 0.32 M sucrose containing 3 mil MgCh and 10 fiM protease
inhibitor, leupeptin, and homogenized by N2-cavitation at 900 lb/iir
(21). The nitrogen bomb (Parr Company, Moline, IL) was equipped
with two sample outlets to process two different tissue samples simul
taneously for close comparison.

Differential centrifugation of the homogenates was performed as
described in Ref. 22 and yielded a nuclear pellet, a lysosome-rich
fraction, a microsomal pellet, and a postmicrosomal supernatant or
soluble fraction. The pellets were resuspended in an appropriate volume
of 50 mM sodium acetate buffer, pH 5.0, containing 0.25 M sucrose
and 0.1% BSA by a special technique developed by Szego et al. (22).
Final protein concentrations were approximately 3.0 to 4.5 mg/ml for
the paniculate fractions and 1.5 mg/ml for the soluble fraction.

The intactness of the subcellular particles was confirmed by fluores-

3The abbreviations used are: DMBA, 7,12-dimelhylbenz(<] (anthracene; MNU,
/V-methylnitrosourea; RIA. radioimmunoassay; BSA, bovine serum albumin;
ConA, concanavalin A; PBS, phosphate-buffered saline; PAGE, polyacrylamide
gel electrophoresis; SDS, sodium dodecyl sulfate; 4-MU, 4-methyIumbelliferyl;
GARPO, goat anti-rabbit serum conjugated with horseradish peroxidase.
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/3-GLUCURONIDASE IN REGRESSING RAT MAMMARY TUMORS

corresponding 4-MU substrates at a concentration of 2.0 IHM.For ÃŸ-
glucuronidase (EC 3.2.1.31) and acid phosphatase (EC 3.1.3.2), 0.1 M
sodium acetate buffers containing 0.1% BSA were used at pH 4.0 and
5.0, respectively. For /V-acetyl-ÃŸ-glucosaminidase(/3-hexosaminidase,
EC 3.2.1.30), the 4-MU substrate was dissolved in 0.1 M citric acid/
sodium citrate buffer, pH 4.6, containing 0.1% BSA.

One unit of enzyme activity liberates 1 nmol of 4-methylumbellifer-
one per min at 37Â°C.Statistical analyses were made according to
Student's / test.

To study the pH dependence of the /3-glucuronidase activity, the 4-
MU-|8-glucuronide was dissolved in 0.1 M sodium acetate buffers (pH
range, 3.5 to 5.5) or 0.1 M sodium phosphate buffers (pH range, 6.0 to
8.0).

Sodium L-(+)-tartrate (20 IHM)was used to discriminate between
lysosomal phosphatase and other acid phosphatases (29). In this con
centration it completely inhibited the lysosomal enzyme activity. Suc-
cinate dehydrogenase was measured in the particulate cellular fractions
according to two methods (30, 31). Lactate dehydrogenase was deter
mined in the presence of rotenone (32). Protein was determined ac
cording to the method of Lowry et al. (33), under conditions described
in Ref. 22.

Microscopic Procedures. For light microscopy, freshly prepared tu
mor tissues were fixed in 4% formalin or Carnoy, and 6-^m sections
were stained with hematoxylin-eosin or methyl green-pyrosin.

For electron microscopy, the subcellular pellets were fixed with 2.5%
glutaraldehyde in a 0.1 M sodium cacodylate buffer, washed, and
postfixed with 1% OsO4 in the same buffer. They were stained en bloc
with uranyl acetate and embedded in a mixture of Epon-Araldite. Thin
sections were stained with lead and observed with a Philips EM 301
electron microscope.

Fluorescence microscopy was performed after vital staining of the
tissue suspensions with acridine orange according to the method of
Szego and Seeler (34) using a fluorescein isothiocyanate filter combi
nation without the LP 520 barrier filter. Under these conditions lyso-
somes fluoresced a brilliant red-orange. Intact nuclei, mitochondria,
and membrane fragments appeared in different shades of green (cf. RÃ©f.
35).

Materials. The following materials were obtained by the manufac
turers indicated: jV-methylnitrosourea (ICN Pharmaceuticals, Plain-
view, NY); leupeptin, Triton X-100, a-methyl-mannoside, a-methyl-
glucoside, and enzyme substrates (Sigma Chemical Co., St. Louis, MO);
4-methylumbelliferone (Boehringer Mannheim, Federal Republic of
Germany); BSA (Organon Teknika, Oss, The Netherlands); acridine
orange (Allied Chemical, Morristown, NJ); ConA:Sepharose, Protein
A:Sepharose, Sepharose 4B, and 125I-Protein A (Pharmacia Fine Chem
icals, Uppsala, Sweden); polyacrylamide, /VV/V'-methylene-bisacrylam-
ide, and CARPO (Bio-Rad, Richmond, CA); and 3,3'-diaminobenzi-

dine-tetrahydrochloride (Fluka AG, Buchs, Switzerland).
All other chemicals were of the best available grade.

RESULTS

Time Course of Tumor Regression. Tumors were studied at
various times after ovariectomy (Fig. 1). Groups of 12 rats were
sacrificed either on the day of ovariectomy (Day 0) or after
their tumor had regressed by 15% within 4 days, 45% within 7
days, or 80% within 14 days compared to the original mass. All
rats in a control group of 12 showed 100% regression in 18 to
22 days. Two tumors, one typical for growing tumors and the
other one for tumors at 45% regression, were studied for tissue
levels of estrone and estradiol. The decrease of the estrogens as
a result of ovariectomy was more pronounced in tumor tissue
than in the plasma of the rats. (Table 1).

The histolÃ³gica! appearance was essentially the same as de
scribed for DMBA-induced rat mammary tumors (36). At 45%
regression a more lobular architecture was seen with less atyp
ical structures compared to growing MNU-induced tumors. In
regressing tumors no signs of necrosis were detected, and both

Table 1 Effect of ovariectomy on the levels of estrogen in MNU-induced
mammary tumors and in the plasma of Sprague-Dawley rats

Two tumors, one typical for growing tumors and the other one for tumors at
45% regression, were studied. Estrone and estradiol levels were determined by
RIA (at 80% binding) in the homogenates and in plasma of the two animals as
described in Bruning et al. (20).

Estrogen level(pmol/liter)TissueTumorPlasmaEstrogenEstrone

EstradiolEstrone

EstradiolGrowing

tumor42

921013545%

regression5"

425131

" Below reliable detection.

Table 2 Subcellular distribution of ÃŸ-glucuronidaseand acid phosphatase in
MNU-induced rat mammary tumors during growth and at 45% regression

Each group consisted of 12 tumors, which were homogenized and fractionated
as described in "Materials and Methods." Activities were measured after optimal
solubilization of /3-glucuronidase and acid phosphatase from the particular frac
tions (see Fig. 2). The recovery of 0-glucuronidase in the various fractions (nuclei,
lysosomes, microsomes, and cytosol) was approximately 65 to 70% of the value
measured in the homogenate, both for growing and regressing tumors.

Enzyme activity
(nmol/min/g of tumor)

Fraction
Protein Acid

(mg/g of tumor) d-Glucuronidase phosphatase

Homogenate
Growth

RegressionNuclei

Growth
RegressionLysosomes

Growth
RegressionMicrosomes

Growth
RegressionCytosol

Growth
Regression105

Â±10Â°

99Â±822

Â±3
18Â±319Â±2

20Â±26Â±25Â±252

Â±4
51 Â±6541

Â±15
1343 Â±25*88

Â±7
60Â±5184

Â±10
376 Â±18*10

Â±2
15Â±285

Â±7
430 Â±14Â»914

Â±39
1801Â±41*NryND340

Â±15
758 Â±18*ND

ND312Â±

13
350 Â±16

â€¢Mean Â±SD.
* Statistical analysis by Student's t test (/' < 0.001). Other differences not

significant.
' ND, not determined.

growing and regressing tumors showed the same degree of
lymphocyte infiltration. Fluorescence microscopy of single cell
suspensions of tumors at growth or at 45% regression revealed
an abundance of intact lysosomes in both cases.

Levels and Subcellular Distribution of /3-Glucuronidase and
Acid Phosphatase in Tumors during Ovariectomy-induced Re
gression. In preliminary experiments the optimal conditions to
measure the activity of /3-glucuronidase were established (Fig.
2). The unfractionated homogenate and the lysosome-rich frac
tion both required solubilization for 120 min in the presence of
Triton X-100 to obtain optimal release of enzyme activity. The
same results were obtained for acid phosphatase.

The activities of /3-glucuronidase and acid phosphatase in the
unfractionated homogenates of growing tumors and tumors at
45% regression are presented in Table 2. The specific activities
of both enzymes increased 2.5- and 2.1-fold, respectively (P <
0.001). The change in specific activity during the course of
tumor regression is depicted in Fig. 3, top. The kidney level of
i8-glucuronidase, studied as a control, remained the same (0.9
Â±0.3 units/mg protein; n = 6) irrespective of the degree of
tumor regression in that rat.

The ratio of free versus bound /3-glucuronidase activity in the
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Fig. 5. Anodic disc polyacrylamide gel electrophoresis of 0-glucuronidase of

subcellular preparations of MNU-induced rat mammary tumors during growth
and regression and of rat liver. Particle-free preparations of the unfractionated
homogenates (//I. lysosome-rich fractions (/.), microsomal fraction (A/), and
cytosol (C) of either rat liver, a growing tumor, and a tumor at 45% regression
containing about 60 pg of protein in 10% glycerol were applied on a 1.5%
polyacrylamide gel and run as described in "Materials and Methods." Bands were
detected by their activity towards naphthol-ASBI-glucuronide. Similar results
were obtained using a 4 to 15% gradient gel (not shown).

Comparison of the Enzyme Characteristics of/?-Glucuronidase
in the Soluble Fraction of Regressing and Growing Tumors. In
view of the apparent stability of the isolated lysosomes of
regressing tumors it was of interest to investigate the enzyme
characteristics of the increased /3-glucuronidase activity in the
soluble fraction.

The pH dependence of the soluble /3-glucuronidase activity
was identical to that of the activity in the lysosome-rich fraction,
with an optimum at pH 4.0 and a shoulder in the pH curve at
4.5 to 5.0 in the regressing as well as in the growing tumor.

Fig. 5 gives the results of polyacrylamide gel electrophoresis
under nondenaturing conditions, to which the solubilized ho
mogenates and subcellular fractions of a regressing and a grow
ing tumor and of rat liver were subjected. Of the same tissues
only the solubilized homogenates were applied on a polyacryl
amide gel under denaturing conditions followed by immuno-
blotting (Fig. 6). In both systems no indications were obtained
towards a distinct electrophoretic behavior of the soluble ÃŸ-
glucuronidase activity or of any other (sub)fraction.

The /3-glucuronidase activity in the cytosol of a regressing

tumor could be completely bound to ConArSepharose (Fig. 7).
However, the enzyme activity derived from the lysosomal,
soluble, and microsomal fractions of the tumors showed an
increasing affinity, in this order, as was shown by the peaks in
the elution profiles of ConA:Sepharose column chromatogra-
phy (Fig. 8).

Monospecific rabbit antiserum against /3-glucuronidase from
rat preputial gland coupled to Protein A:Sepharose completely
precipitated the 0-glucuronidase activity in the soluble fraction

R G L

Fig. 6. Immunoblotting of d-glucuronidasÂ«from MNU-induced rat mammary
tumors during growth and regression and from rat liver after polyacrylamide gel
electrophoresis in the presence of SDS. Samples of the particle-free preparations
of the homogenates of rat liver (L), a growing tumor (G), and a tumor at 45%
regression (R) were prepared without the routinely added BSA, run on 10%
polyacrylamide gels in the presence of SDS, and subsequently immunoblotted as
described in "Materials and Methods." Bands were detected by the GARPO
method. The intense band at M, 70,000 to 75,000 belongs to (f-glucuronidase.
Similar results were obtained using 12sI-Protein A as a detection probe. Arrows

indicate the positions of the molecular weight markers phosphorylase B (M,
92,500), bovine serum albumin (M, 66,200), ovalbumin (M, 45,000), carbonic
anhydrase (M, 31,000), and soybean trypsin inhibitor (M, 21,500).
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Fig. 7. ConA:Sepharose precipitation of /j-glucuronidase in subcellular prep
arations of an MNU-induced rat mammary tumor at 45% regression. Aliquots
(25 fil) of the particle-free preparations of the homogenate (//). lysosome-rich
fraction (/ ). or cytosol Â«) were incubated with the indicated amount of
ConAtSepharose 4B (â€¢)or Sepharose 4B (O) for 90 min at room temperature in
PBS. After centrifugation the supernatants were assayed for residual /3-glucuron-
idase activity, which is expressed as the percentage of the value obtained after
control incubation with PBS alone. Precipitated enzyme activity was completely
recovered after treatment of the pelleted beads with l M a-methyl-D-mannoside
in PBS.

of the regressing tumor (Fig. 9). The results with an antiserum
against /3-glucuronidase from mouse kidney did not differ from
the results in Fig. 9 (data not shown). Both antisera exhibited
cross-reactivity towards lysosomal and microsomal (3-glucuron
idase from rat liver.

DISCUSSION
The glucuronide of/Â»-hydroxyaniline mustard is produced by

the liver and is the major metabolite of aniline mustard in
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0.0
1O 15 2O 25 3d 35 4O 45 SO

fraction number
Fig. 8. ConArSepharosc column chromatography of 0-gIucuronidase in sub-

cellular preparations of a regressing MNU-induced rat mammary tumor. Equal
amounts of 0-glucuronidase activity (59 units) from the lysosome-rich fraction
(â€¢),microsomal fraction (â€¢),and cytosol (O) from a regressing tumor were
brought on a ConA:Sepharose 4B column and chromatographed as described in
"Materials and Methods." A tumor at 16% regression was selected to have the

greatest chance of finding possible forms that are specific for the early phase of
regression (10). Fractions were assayed for /3-glucuronidase activity. Activities are
expressed as units/fraction. Peak activities eiuted at 0.75 M, 0.81 M. and 0.84 M
methyl-a-glucoside (see the dashed line) for the lysosomal, cytosol, and micro
somal fractions, respectively. Recovery of enzyme activity decreased significantly
from 63 to 53 to 30%, in the same order.

6 12.5

ni serum
Fig. 9. Immunoprecipitation of /3-glucuronidase in the soluble fraction from

regressing MNU-induced rat mammary tumors. Monospecific rabbit antiserum
against mouse /3-glucuronidase (â€¢)or normal rabbit serum (O) was added in serial
dilutions to 100 p\ of a 1:1 suspension of Protein A:Sepharose in PBS to a final
volume of 225 Â¡A.A control incubation contained no (anti)serum. Incubation was
at room temperature for 60 min. After several washes with PBS, 50-jil aliquots
of the cytosol of a tumor at 45% regression were added, and the suspension was
again incubated for 60 min at room temperature. After centrifugation, the
supernatants were assayed for residual,f-glucuronichsc activity, which is expressed
as the percentage of the activity obtained after control incubation. The subcellular
enzyme activity distribution in this tumor was: lysosomes, 28%; microsomes; 4%;
cytosol, 40%.

serum and bile (1). In certain tumors the glucuronide is appar
ently hydrolyzed to its cytostatically active form (3, 4), but not
all tumors containing a high level of deconjugating enzyme are
sensitive to aniline mustard (2). Intratumoral drug activation
in hormonally regressing rat mammary tumors is suggested by
a therapeutic synergism in DMBA-induced rat mammary tu
mors between ovariectomy and treatment with aniline mustard
(16). However, the moderate increase of/3-glucuronidase activ
ity in the unfractionated homogenates after ovariectomy seemed
not to match the degree of synergism. These findings prompted
us to study the physiological availability of /3-glucuronidase in
a regressing tumor.

In agreement with the studies of Cullino et al. (6, 10) and
others (5, 7, 9) we observed in MNU-induced rat mammary
tumors a temporary increase in the activity of three lysosomal
enzymes during ovariectomy-induced regression. Also we con
firmed the substantial increase in the ratio of free versus bound
/3-glucuronidase activity in the unfractionated homogenates of
the regressing tumors. This increased ratio could imply that,
during homogenization, lysosomes are more easily disrupted,

either because of the intrinsic properties of regressing versus
growing tumors or as a result of in vivo labilization of the
organdÃes. Another explanation would be that newly synthe
sized enzymes accumulate in a nonlysosomal compartment.
Several findings argue against the possibility of rupture of
lysosomes due to a higher susceptibility to mechanical stress
during homogenization of the regressing tumor. In intact cells
as well as upon isolation from growing and regressing tumors
the morphological intactness of the lysosomes was similar. The
/3-glucuronidase activity in the lysosome-rich fraction was com
pletely sedimentable with the lysosomal organdÃes in both types
of tumors, even to a higher extent than in the lysosome-rich
fraction of rat kidneys, taken as control. In the soluble fraction
of regressing tumors we found a marked increase of /3-glucuron-
idase specific activity, but no significant change in that of acid
phosphatase and /3-hexosaminidase.

In view of a rapid, dose-dependent increase in fragility ob
served in isolated lysosomes from various types of normal tissue
after in vitro (38) or in vivo (22, 34) administration of target-
specific hormones, it has been suggested that lysosomes are
labili/ed in vivo by hormonal triggers. In the tumors studied
here the increase in soluble /3-glucuronidase activity is hormone
dependent, since ovariectomy had no effect on the activity in
the rat kidneys. However, the delayed increase in the ratio of
free versus bound /3-glucuronidase (differences were significant
only after 45% regression) argues against a primary event of
labilization of the lysosomal membrane in vivo during regres
sion. This view was further substantiated by our finding that
the lysosomes showed similar stability in tests for suboptimal
lytic release of enzyme activity whether isolated from growing
and regressing tumors. In the lysosomes, /3-glucuronidase be
haved similarly to acid phosphatase and /3-hexosaminidase in
that the specific activity increased about 2-fold during regres
sion. All these data suggest that, in vivo, the lysosomal mem
branes show equal stability in growing and regressing tumors.

To investigate the other possibility of a pre- or nonlysosomal
accumulation we studied the enzyme characteristics of the 5-
fold-increased activity of /3-glucuronidase in the soluble frac
tion. /3-Glucuronidase has long been considered to be unique
among the acid hydrolases because of its dual localization in
microsomes and lysosomes in rodent tissues (17). Both forms
are considered tetrameric isoenzymes composed of polypeptides
with a similar amino acid composition and molecular weight;
are derived from the same structural gene; and are distinguished
by their electrophoretic mobility, heat stability, carbohydrate
composition (18), and their affinity to ConArSepharose (24).
The physiological function of the microsomal form and/or its
possible identity as a precursor form in the processing to the
lysosomal form is still unclear (39, 40). A specific form of ÃŸ-
glucuronidase has been distinguished in rat leukemic tumor on
the basis of a distinct electrophoretic mobility (41). Of several
other glycosidases, nonlysosomal forms have been recognized,
either in Golgi membranes (a-D-mannosidase, Ref. 42) or in
the cytosol (a-D-mannosidase, Ref. 43; /3-hexosamindase, Ref.
37), which are clearly distinct according to immunologie-ai,

molecular, or kinetic properties. In the present study analysis
of the increased /3-glucuronidase in the soluble fraction of the
regressing tumor revealed that it behaved as a lysosome-like
degradativi- enzyme, with properties not distinct from the sol

uble enzyme in the growing tumors or rat liver. No clear
distinction between lysosomal and microsomal forms (or pre
cursor forms) could be established in the tumors studied here
with the techniques used, except for a minor but reproducible
one regarding the affinity towards ConArSepharose (Fig. 8). It
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is concluded that the increased "soluble" ÃŸ-glucuronidaseactiv

ity is neither tumor nor cytosol specific.
Hormone-induced involution of normal tissue and of tumors

(regression) occurs predominantly via a process of controlled
cell deletion, called apoptosis (14). Dying cells become frag
mented into plasma membrane-surrounded vesicles (apoptotic
bodies). These vesicles still contain ultrastructurally well-pre
served cytoplasmic organelles. The vesicles are then rapidly
phagocytosed by intact neighboring (tumor) cells ( 13,14). There
they are first located within the cytoplasm. Acid phosphatase
activity becomes diffuse in character then (12), indicating that
the inner compart mentation of the apoptotic bodies disappears.
Finally they become fused with primary lysosomes of the in
gesting cell.

Their structural integrity, once internalized, may be less than
that of the surrounding organelles of the ingesting cell. Break
age of the apoptotic bodies during homogenization of the tumor
might be responsible for the increased ratio of free versus bound
lysosomal enzyme in the unfractionated homogenate. This in
crease should be at its height when apoptotic bodies are most
abundantly present, midway regression (cf. Fig. 3).

A long half-life of 0-glucuronidase compared with other
lysosomal proteins, as reported in rat liver (18), might then
explain the preferential increase of the activation of this enzyme
as observed in the soluble fraction.

The 2-fold increase of enzyme activity observed in the lyso-
some-rich fraction is explained by the concomitant activity of
the lysosomal system of the ingesting cells.

Physiologically, a diffuse occurrence of lysosomal enzymes
in internalized apoptotic bodies might represent a condition
during which these enzymes are more readily accessible for
their substrates, e.g., the glucuronide of p-hydroxyaniline mus
tard mentioned earlier (16). This could also apply to conjugated
forms of steroid hormones, drugs, and several carcinogenic
compounds. In this respect it is noteworthy that apoptosis is a
general phenomenon in hormone-dependent normal tissues
which are known to have a marked sensitivity to carcinogens
and the carcinogenic effect of certain steroid hormones.
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