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Rats kept under germfree conditions showed lower specific lysosomal enzyme
activities in liver endothelial cells, but not in Kupffer cells.

The Kupffer and endothelial cells in the si-
nusoidal areas of the liver may play a central
role in the animal's defense against circulating
microorganisms and other pathogenic agents
(20). The phagocytosis of bacteria and the bac-
tericidal activity of Kupffer cells have already
been clearly demonstrated (5-7, 13). Kupffer
cells are also almost exclusively responsible for
the clearance of bacterial products such as endo-
toxin (D. P. Praaning-van Dalen, A. Brouwer,
and D. L. Knook, submitted for publication).
Although the endothelial cells do not show phag-
ocytic activity, it has recently become evident
that they are able to clear several test substances
used to measure the activity of the hepatic retic-
uloendothelial system (Praaning-van Dalen et
al., submitted for publication). In addition, en-
dothelial cells show a preferential uptake of cir-
culating glycoproteins (8) and mucopolysaccha-
rides (see reference 12).
The material endocytosed by Kupffer and en-

dothelial cells is exposed to their well-developed
lysosomal digestion apparatus (12). In view of
the role of both Kupffer cells and endothelial
cells in the clearance function of the reticuloen-
dothelial system, it was of interest to establish
whether the germfree condition of rats was as-
sociated with alterations in the lysosomal en-
zyme activities ofthese cells. To accomplish this,
highly purified suspensions of Kupffer and en-
dothelial cells were prepared from germfree and
clean conventional rats, and a number of lyso-
somal enzymes, selected for their role in the
hydrolysis of a variety of substrates, were as-
sayed for in the purified cell preparations.
Female BN/BiRij rats, 3 months of age, were

obtained from the germfree colony of the REP-
Institutes in Rijswijk or from our clean conven-
tional aging colony. In the latter case, the rats
were raised under specific-pathogen-free condi-
tions (14). The bacteriological background of
these rats consisted of "a colonization-resistant
flora" (18, 19) and nonpathogenic strains of En-
terobacter cloacae, Staphylococcus albus, and
Streptococcus faecalis. After the age of about 6

weeks, these young rats were maintained under
clean conventional conditions (14) until the age
of 3 months, when they were used for the exper-
iments. The germfree rats had somewhat lower
body and liver weights than the clean conven-
tional rats, but the ratio of liver weight versus
body weight was unaltered (Table 1). Sinusoidal
cells were isolated by pronase perfusion and
incubation of the liver (10). Erythrocytes and
cell debris were removed by centrifugation in a
metrizamide solution with a density of 1.089 g/
cm3 at 21°C (10). Kupffer and endothelial cells
were separated by centrifugal elutriation (10,
12). Based on cytochemical and ultrastructural
characteristics (11), the purity of the endothelial
cell fraction was at least 90%, whereas that of
the Kupffer cell fraction ranged from 70 to 83%
depending on the experiment. In all cases, the
viability of the cells as based on the exclusion of
0.25% trypan blue was at least 93%. Kupffer cells
from germfree rats had a slightly lower protein
content in comparison with those prepared from
clean conventional rats. The yield of Kupffer
and endothelial cells from conventional and
germfree animals was comparable (Table 1). The
freshly purified cell suspensions were incubated
with 0.05% Triton X-100 for 20 min at 0°C, and
the activities of the following lysosomal enzymes
were determined: acid phosphatase (EC 3.1.3.2),
cathepsin D (EC 3.4.23.5), aminopeptidase B
(EC 3.4.12A.1), N-acetyl-fi-D-glucosaminidase
(EC 3.2.1.30), and arylsulphatase B (EC 3.1.6.1);
the procedures were as previously reported (12).
The lysosomal enzyme activities of endothe-

lial and Kupffer cells, expressed per milligram of
cellular protein, are given in Table 2. Endothelial
cells from germfree rats exhibited lower specific
enzyme activities than those obtained from clean
conventional animals. Similar differences were
observed when the enzyme activities were ex-
pressed per cell, since endothelial cells from
germfree and clean conventional rats had the
same protein content (Table 1). Kupffer cells
from gernfree and clean conventional rats
showed no significant differences in the specific
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TABLE 1. Characteristics of endothelial and Kupffer cells from clean conventional and germfree BN/BiRij
ratsa

Cell yield (xlO') per g of liver Protein content (jug) per 106
Rat Rat body wt Liver (g)ce

Endothelial Endothelial Kupffer

Germfree ~~~~~~~~~~cellsbKupffer cells' cells' cells"Clean conventional 153 ± 1 5.0 ± 0.3 14.19 ± 1.21 6.95 ± 0.60 46 ± 3 111 ± 5
Germfree 141 ± 3 4.6 ± 0.4 14.93 ± 1.24 6.22 ± 1.21 45 ± 6 86 ± 11
a Average ± standard error from at least four separate experimental determinations.
b Isolated celLs purified by centrifugal elutriation.

TABLE 2. Specific lysosomal enzyme activities in isolated endothelial and Kupffer cells from BN/BiRij rats
kept under different environmental conditions

Enzyme activity' in:

Enzyme investigated Endothelial cells Kupffer cells

CleanGernaiGee Clean Germfizeconventional conventional

Acid phosphatase 165.3 ± 21.6 60.9 ± 25.0b 115.3 ± 14.6 113.3 ± 44.1
Cathepsin D 6.4 ± 0.4 3.9 ± 0.7b 17.0 ± 2.6 21.2 ± 2.6
Aminopeptidase B 9.2 ± 1.2 6.4 ± 0.4 11.3 ± 1.7 9.4 ± 0.4
N-Acetyl-,B-D-gluco smnidase 299.0 ± 33.0 127.7 ± 21.9b 151.6 ± 8.3 144.7 ± 28.6
Arylsulphatase B 149.4 ± 18.0 99.7 ± 16.1 48.1 ± 10.4 52.8 ± 12.8

'Enzyme activities are expressed as nanomoles of 4-methylumbelliferone (acid phosphatase, N-acetyl-fl-D-
glucosaminidase), nanomoles of tryptophan (cathepsin D), nanomoles of fi-naphthylamine (aminopeptidase B)
or nanomoles of nitrocatechol (arylsulphatase B) released per minute per milliam of protein at 37°C. Data are
mean ± standard error of four different cell preparations.

b p < 0.01 versus clean conventional.

activities of the lysosomal enzymes investigated
(Table 2). Electron micrographs of Kupffer cells
from germfree rats showed an abundance of
lysosomal structures which varied in both size
and structure. Similar abundance and hetero-
geneity of lysosomal structures have been ob-
served for Kupffer cells prepared from clean
conventional rats (10).
There is only one previous report in which

liver lysosomal enzymes ofgermfee and conven-
tional rats were compared (2). This showed that
the levels of the lysosomal enzymes ,f-glucuron-
idase, arylsulphatase A, and acid deoxyribonu-
clease in nonparenchymal ceil homogenates
from germfree rats were lower than those in
conventional rats. Those results are made con-
fusing, however, by the use of the terms "non-
parenchymal cells" and "Kupffer cells" inter-
changeably as well as by the use of an isolation
technique which has proved to yield a nonpa-
renchymal cell preparation with a low percent-
age of Kupffer cells (11). Therefore, the reported
differences in activities of lysosomal enzymes
determined in nonpurified nonparenchymal cells
from germfree and conventional rats can be ex-
plained on the basis of our data in Table 2 to be
due to lower enzyme activities in endothelial
cells and not in Kupffer cells from germfree rats.

The question of why lysosomal enzyme activ-
ities are not changed in Kupffer cells from germ-
free rats may be answered as follows. Some
Kupffer cell functions studied in germfree mice
have found to be unaltered as compared with
those in conventional animals. The capacity to
clear nonviable 3P-labeled Staphylococcus au-
reus and Escherichia coli was not significantly
changed in germfree mice (17). Also carbon up-
take, which, depending on the size of the parti-
cles, is mainly a Kupffer cell function, was not
decreased in germfree mice (17). Thus, the func-
tional capacity of Kupffer cells to phagocytose
seems not to be altered under gernfree condi-
tions. This is a reasonable assumption, since
Kupffer cells play an important role in erythro-
phagocytosis and iron metabolism (20), proc-
esses which occur largely independent of the
environment. Furthermore, even under germfree
conditions, endotoxins are present in the steri-
lized food and will be removed from the venous
blood by the Kupffer cells, which nearly exclu-
sively take up endotoxin (Praaning-van Dalen et
al., submitted for publication). The active role
of Kupffer cells in all of these functions in germ-
free animals might explain the unchanged lyso-
somal levels in these cells.

In contrast to the findings for Kupffer cells,
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lysosomal enzyme activities are lower in endo-
thelial cells prepared from the livers of germfree
rats. Endothelial cells are normally involved in
the selective clearance of circulating glycopro-
teins, lipoproteins, and mucopolysaccharides
(see reference 12). The lysosomal enzymes in-
volved in the degradation of these macromole-
cules include the proteolytic enzyme cathepsin
D and the glycosidase N-acetyl-/3-D-glucosamin-
idase. Both enzymes are strongly reduced in
endothelial cells in germfree rats. A less pro-

nounced decline in activity was observed for
aminopeptidase B. Unlike cathepsin D, which is
primarily involved in the degradation of foreign
proteins, aminopeptidase B may have a more

general proteolytic function (9).
Why the lysosomal enzyme activities are de-

creased in endothelial cells is not yet clear. Little
is known of the mechanism of the regulation of
steady-state levels of lysosomal enzymes, but
there are indications for an influence of several
factors, including the quality and quantity of the
endocytosed substrates and the contribution of
endocytosed lysosomal enzymes originally pres-

ent in the circulation. With respect to properties
of the substrates, it can be mentioned that en-

dothelial cells are most probably involved in the
clearance of soluble antibody-antigen complexes
from the circulation by means of their mannose
specific receptor (3). Since germfree animals
have a reduced number of immune complexes in
their plasma (1), a reduced uptake of these com-
plexes may lead to lower lysosomal enzyme

levels in their endothelial cells.
A comparable situation can be expected for

the possible contribution of endocytosed lyso-
somal enzymes. Several lysosomal glycosidases
are specifically cleared from the circulation by
endothelial cells via a mannose receptor (8, 15,
16). Since lysosomal glycosidases can be released
by Kupffer cells during phagocytosis of, e.g.,
bacteria (20), the levels of circulating glycosi-
dases in germfree rats may be lower due to the
absence of infections. A decreased capacity to
release lysosomal enzymes has also been ob-
served for leukocytes of germfree animals (4).
Therefore, a decreased clearance of lysosomal
enzymes from the circulation may contribute to
the observed lower levels of lysosomal enzymes
in endothelial cells from germfree rats.

We thank Ingrid Boonstra for skilled technical assistance
and Margreet de Leeuw for preparing the electron micro-
graphs.
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