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Summary. The effect of chloroquine on the intralysosomal degradation of 
cell-coat glycoproteins in cultured intestinal absorptive cells was investigated 
by silver proteinate staining. The results of this staining method, which 
is specific for carbohydrate containing macromolecules such as glycoproteins 
and mucopolysaccharides, showed that in the presence of the drug consider- 
able amounts of silver proteinate-positive material accumulated in one type 
of lysosome-like body: the dense bodies. The staining pattern of other cell 
organelles was not affected by chloroquine. The presence of the drug in 
the culture medium also resulted in the occurrence of numerous small vesicu- 
lar structures in the matrix of the dense bodies. These showed a similar 
size and structure to those present in the other type of lysosome-like body: 
the multivesicular bodies. This observation, together with earlier autoradio- 
graphical data, suggests that cell-coat material is transferred from multive- 
sicular to dense bodies by fusion between these organelles. This study thus 
provides further evidence for a regulatory mechanism of Cell-coat glycopro- 
tein transport by the lysosome-like bodies in human intestinal absorptive 
cells. 

Introduction 

Autoradiographical and biochemical studies, using radiolabelled sugars as pre- 
cursors, have shown that the synthesis and transport of cell-coat glycoproteins 
in human intestinal absorptive cells are continuous processes (Hauri et al. 1977; 
Ginsel et al. 1979; Kedinger et al. 1979; Blok et al. 1981a, b). The transport 
of these macromolecules from the Golgi apparatus, where they are completed, 
to the apical plasma membrane takes place in small, smooth surfaced vesicles 
and tubules which deliver their content to the cell coat by exocytosis (Ginsel 
et al. 1979; see also Michaels and Leblond 1976). 

Autoradiographical data, however, also showed a transport of 3H-fucose- 
labelled material to the lysosome-like bodies, present in the apical cytoplasm 
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of the absorpt ive cells (Ginsel  et al. 1979; Blok et al. 1981a, b). These results, 
together with the observed fusion of the apical vesicles and tubules with the 
lysosome-like bodies led to the pos tu la t ion  of a cr inophagic  regulatory mecha- 
n i sm for the t ranspor t  process by the latter cell organelles (Daems et al. 1973; 
Ginsel  et al. 1973, 1979; Blok et al. 1981 b). In  this mechanism the apical vesicles 
and tubules fuse with the lysosome-like bodies to dispose of excessively produced 
cell-coat mater ia l  (cf. F a r q u h a r  1969). 

The ant i -malar ia l  drug chloroquine  has been shown to interfere with the 
in t ra lysosomal  catabol ism of various macromolecules  such as proteins  (Mego 
and  Chung  1979; Seglen et al. 1979) and  mucopolysacchar ides  (Lie and Schofield 
1973), result ing in an en la rgement  of secondary lysosomes (for reviews, see 
de Duve  et al. 1974; Lf i l lmann-Rauch ,  1979). In  cul tured intest inal  absorptive 
cells the drug causes en largement  of the dense bodies, one of the types of 
lysosome-like body, and as shown by autoradiography,  a c o n c o m m i t a n t  accumu- 
la t ion of 3H-fucose-labelled mater ial  (Blok et al. 1981b). 

Fo r  a fur ther  character izat ion of the accumula t ing  macromolecules  in the 
presence of chloroquine  and  their pa thway of entry into the lysosome-like bodies 
we examined their react ion to a si lver-proteinate stain at the electron-microscopi-  
cal level, a method  which reveals the presence of glycoproteins and /o r  mucopoly-  
saccharides (Ginsel  et al. 1973, 1978; see also Thiery, 1967). 

Material and Methods 

Biopsy Specimens. Jejunal biopsies were taken mainly because coeliac disease was suspected. In 
this study use was made only of biopsy specimens from individuals showing no pathological alter- 
ations, as shown by light and electron microscopy and biochemical investigations. 

Organ Culture. Immediately after collection, the biopsy specimens were cut in half, one piece 
being fixed directly for routine electron microscopy. The other fragments were prepared for organ 
cnlture according to Ginsel et al. (1977; cf. Browning and Trier 1969). They were placed in Falcon 
dishes on stainless steel grids with the cut surface down and in direct contact with the surface 
of the culture medium. This was composed of 90% NCTC 135 (Flow Laboratories), 10% heat- 
inactivated foetal calf serum (Difco Laboratories), 0.6 U/ml insulin and 50 gg/ml gentamicin. The 
dishes were placed in a modified McIntosh jar and gassed for 20 min with a mixture of 95% 
02 and 5% CO2 prior to incubation at 37 ~ C. 

Control specimens were cultured in this medium for 24 h. Test specimens were cultured for 
the same period in culture medium to which 10-5 M or 10 4 M chloroquine disphosphate (Sigma 
Chem. Co.) had been added. 

Electron Microscopy. At the end of the incubation period the specimens were divided into small 
blocks and fixed at 4~ for 60 min in 1% OsO4 buffered with phosphate to pH 7.2 and with 
a final osmolarity of 320 mOsm. Dehydration and embedding were performed according to standard 
techniques (see Ginsel et al. 1973). 

Ultrathin sections were cut on an LKB Ultrotome III. The presence of glycoproteins was 
demonstrated using the silver proteinate stain as described by Ginsel et al. (1973; see also Thiery, 
1967), except that thiocarbohydrazid was used instead of thiosemicarbazide. The sections were 
studied in a Philips EM 200 or 201 at 80 kV. 

Results 

In  general  the silver proteinate  s ta ining pa t te rn  of cul tured absorpt ive cells 
was similar to that  of directly fixed specimens. The following description will 
therefore be focussed main ly  on the effect of  ch loroquine- induced  changes. 
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L ysosome-Like Bodies 

Both types of lysosome-like (multivesicular and dense) bodies present in the 
apical cytoplasm of the absorptive cells showed affinity for the silver proteinate 
stain. 

1. Multivesicular Bodies. The matrix of the multivesicular bodies of cells from 
control cultures stained in a fine granular pattern. The small vesicular structures, 
which are present in the matrix of these organelles, showed no affinity for 
the silver proteinate stain (Fig. 1). 

Chloroquine did not have an effect on either the silver proteinate staining 
pattern or the size of the multivesicular bodies (Fig. 2; cf. Blok et al. 198 t b). 

2. Dense Bodies. The dense bodies in absorptive cells from control cultures 
showed a fine granular homogeneously stained matrix. Very occasionally small, 
vesicular, unstained, structures were present. 

In specimens cultured with chloroquine the following concentration-depen- 
dent changes were observed. The dense bodies were significantly enlarged (cf. 
Blok et al. 1981b) and their matrix became less homogeneous with respect 
to the silver proteinate stain. Regularly electron-lucid areas were visible, often 
containing membrane-like material. Frequently numerous vesicles, similar in 
size and structure to those present in multivesicular bodies were observable 
in the matrix of the dense bodies (Figs. 2, 3 and 5). This observation suggests 
that after fusion between dense and multivesicular bodies (Fig. 3), the degrada- 
tion of the contents of the latter organelles is impaired by chloroquine. In 
addition the frequency of appearance of the vesicles and the large numbers 
of these vesicular structures in the matrix of the dense bodies suggests that 
this fusion process occurs regularly, although only infrequently observed. 

In the presence of 10 -4 M chloroquine, an increased number of autophagic 
vacuoles, often containing partly digested cell organelles, such as mitochondria, 
was present. They showed no affinity for the silver proteinate stain (Fig. 4). 

Golgi Apparatus and Apical Vesicles and Tubules 

The Golgi apparatus in absorptive cells from both control and test specimens, 
showed a polarity in silver proteinate staining. Towards the mature face the 
cisternae showed a heavier deposit of the reaction product. Vesicles showing 
a high affinity for the stain occurred close to the most densily stained cisternae 
(Figs. 1 and 6). 

The vesicles and tubules, present in the apical cytoplasm of absorptive cells 
showed a variable silver proteinate staining. Most of them showed a fine granular 
reaction product, but vesicles showing little or no staining were also present. 
In specimens cultured with chloroquine a similar staining pattern was observed 
(Fig. 2). 

Cell Coat 

The cell coat on top and sides of the microvilli, showed a heavy silver proteinate 
staining. This staining was observed in absorptive cells from both control and 
chloroquine cultures. 



Fig. 1. Absorptive cell cultured for 24 h in control medium after silver proteinate staining. The 
microvilli (my), a multivesicular body (mvb), dense bodies (edb) and Golgi apparatus (Ga) show 
a fine granular staining. In the terminal web (tw) positive (arrow heads) as well as negative (small 
arrows) apical vesicles and tubules can be observed. Glycogen is present dispersed in the cytoplasm. 
Note the polarity in staining of the Golgi apparatus. N, nucleus; m, mitochondrion; x 13,300 



]Fig. 2. Apical part of an absorptive cell cultured for 24 h in the presence of 10 -~ M chloroquine. 
Note the fine granular reaction product on the microvilli (my) and multivesicular bodies (mvb). 
The dense body (edb) is enlarged and shows a heterogeneous matrix with small vesicular structures 
(arrow heads), similar to those present in multivesicular bodies. Note the fusion between an apical 
tubule and a multivesicular body. x 15,000 

Fig, 3. Fusion of a multivesicular body (mvb) and a dense body (edb) in a 24 h chloroquine (10 4 M) 
culture. The ma'crix of the latter organelle shows a marked heterogeneity, x 18,000 

Fig. 4. Autophagic vacuole in an absorptive cell cultured for 24 h in the presence of 10 -4 M 
chloroquine. The matrix shows no affinity for the silver proteinate stain. • 20,000 
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Fig. 5. Bizarre shaped dense body (edb) in an absorptive cell cultured for 24 h with 10 -4  M chloro- 
quine. Note the presence of the numerous  vesicles in the matrix, rnv, microvilli ; rnvb multivesicular 
body. • 15,000 

Fig, 6. Golgi apparatus  of  an absorptive cell cultured with 1 0 - 4 M  chloroquine. Towards the 
mature  side the cisternae show an increase in staining property, x 34,000 
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Other Cell Organelles 

Mitochondria, endoplasmic reticulum, ribosomes and nuclei were devoid of 
any reaction product. The cytoplasm contained many electron dense particles, 
which likely consist of glycogen (Ginsel et al. 1973). The lateral membranes 
of the cells were occasionally slightly stained by the cytochemical reaction. 
These phenomena were observed in both control and test specimens. 

Discussion 

The present data demonstrate that the presence of chloroquine in the culture 
medium of intestinal absorptive cells leads to an accumulation of macromole- 
cules, showing a distinct affinity for the silver proteinate stain employed, in 
the dense, lysosome-like bodies present in these cells. In addition to this accumu- 
lation a significant enlargement of these cell organellcs occurs. This is in accor- 
dance with earlier studies on intestinal tissue from patients with a lysosomal 
storage disease which showed that the congenital lysosomal enzyme deficiency 
of these patients results in the presence of grossly enlarged, silver proteinate 
positive dense bodies in the apical cytoplasm of the absorptive cells (Ginsel 
et al. 1973, 1978). In these studies it was suggested that the material accumulating 
in the dense bodies due to the enzyme defect consisted of undigested cell-coat 
material. Autoradiographical pulse-chase experiments, using tritiated fucose and 
glucosamine as glycoprotein precursors, showed that the radiolabelled material 
is transported to the multivesicular bodies, whereafter it is transferred to the 
dense bodies (Ginsel et al. 1979). Since fusions of the apical vesicles and tubules, 
involved in the transport of cell-coat material from the Golgi apparatus to 
the microvillous membrane (Ginsel et al. 1979; Michaels and Leblond 1976), 
with the multivesicular bodies were regularly observed (Ginsel et al. 1973, 1979; 
Blok et al. 1981 b), the transfer of cell-coat glycoproteins to the latter cell organ- 
elles probably takes place by a crinophagic mechanism, i.e. fusion between 
secretory granules and lysosomes (Farquhar 1969). It has also been suggested, 
however, that the radiolabel entering the lysosome-like bodies consists of newly 
synthesized lysosomal enzymes (Bennett and Leblond 1970; Bennett et al. 1974, 
1981). However, the lack of silver proteinate stain in the autophagic vacuoles 
in the chloroquine cultures, of which it is generally accepted that they contain 
lysosomal enzymes suggests that the latter possibility is improbable. In addition, 
it was shown that the silver proteinate staining of lysosomal enzymes in the 
macrophages present in the lamina propria of the intestinal tissue, showed 
a different pattern from the glycoproteins present in the cell coat of the absorp- 
tive cells (Ginsel et al. 1978). The similarity of the silver proteinate staining 
of the cell-coat glycoproteins on the microvilli of the absorptive cells cultured 
in the presence of chloroquine and the material accumulating in the dense 
bodies thus provides further evidence that this material consists of undigested 
cell-coat material. 

Although it has previously been suggested (Ginsel et al. 1979) that the transfer 
of the cell-coat glycoproteins takes place via a crinophagic mechanism, a mecha- 
nism by which exocytosed material is rapidly endocytosed could not be complete- 
ly excluded. It has been shown that the absorptive cells have an endocytotic 
uptake mechanism at their disposal, since the cells were able to take up horserad- 
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ish peroxidase (HRP) f rom the culture medium (Blok et al. 1981c). However, 
it has also been shown that ferritin, which exhibited good binding to the cell-coat 
glycoproteins, was not taken up by the cells (Blok et al. 1981c). In addition, 
cytochalasin D, which strongly reduced the uptake of HRP,  did not affect 
the entry of radiolabelled cell-coat glycoproteins into the lysosome-like bodies 
(Blok et al. 1982). These observations suggest that in the endocytotic mecha- 
nism, present in the absorptive cells, the cell-coat material is selectively excluded 
from this process and that the transfer of these macromolecules to the lysosome- 
like bodies is indeed mediated via a crinophagic mechanism. The variability 
of the affinity of the apical vesicles and tubules for the silver proteinate stain 
observed in this study suggests that the population of these organelles is heteroge- 
neous; those left unstained probably consisting of endocytotic vesicles. 

The pathway in which the cell-coat glycoproteins are transferred f rom the 
multivesicular bodies has been poorly characterized. The present data, however, 
show that most  of the dense bodies in the absorptive cells cultured in the 
presence of chloroquine, contained numerous vesicles which resemble both in 
size and ultrastructure those present in the multivesicular bodies. Toget,her with 
the seldomly observed fusions between a multivesicular and a dense body, this 
suggests that the cell-coat material is transferred by this fusion mechanism. 
Under  normal  conditions the vesicular structures are apparently rapidly de- 
graded, but in the presence of chloroquine, the ultrastructure of these vesicles 
in the matrix of the dense bodies is well preserved, due to the amphiphilic 
character of this drug, resulting in an effective inhibition of lipid degradation 
(Lfillmann-Rauch 1979). 

To summarize, the presence of chloroquine results in an accumulation of silver 
proteinate stainable material in the dense bodies of intestinal absorptive cells. 
This material, which is likely to consist of  cell-coat glycoproteins, enters the 
multivesicular bodies by fusion between these organelles and the apical vesicles 
and tubules, involved in the transport  process of this material f rom the Golgi 
apparatus to the apical plasma membrane.  The cell-coat material is then trans- 
ferred to the dense bodies by fusion between these two types of lysosome-like 
bodies. Under  normal  conditions this material will be degraded by the lysosomal 
hydrolases. In this way the absorptive cells can dispose of excessively produced 
cell-coat material (Ginsel et al. 1973, 1979; Blok et al. 1981a, b). 
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