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Phagocytosis of mast cell granules by fibroblasts 
of the human gingiva 
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Summary. Mast cell granules have been detected ultrastructurally within 
the cytoplasm of fibroblasts in fibrous hyperplastic lesion of the human 
gingiva. This finding is interpreted as phagocytosis of mast cell granules 
by fibroblasts. It is estimated that phagocytosis of mast cell granules 
occurred in four to six per cent of the fibroblasts. The result of present 
study suggests that mast cells play some role in fibroblast activity not 
only in animals as reported previously, but also in human connective 
tissue. 
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Mast cells are found widely distributed throughout the connective tissue 
of most vertebrates, and they release their intracytoplasmic granules into 
the surrounding environment after mechanical, chemical or immunological 
stimuli. It is well known that the mast cell granules contain a large number 
of biologically active substances such as histamine, serotonin, heparin, pro- 
teolytic enzymes, prostaglandins and so on. Recently, mast cells have been 
shown to interact with various different celts, both in vitro and in vivo, 
including vascular endothelial cells (Azizkhan et al. 1980), macrophages 
(Lindahl et al. 1979), eosinophils (Boswell et al. 1978), epithelial cells (Bar- 
nett 1973), lymphocytes (Roszkowski 1977), fibroblasts (Norrby 1981), can- 
cer cells (Alexander et al. 1979), and others. Furthermore, ultrastructural 
evidence of phagocytosis of mast cell granules by fibroblasts in vitro has 
been reported (Rao et al. 1983; Greenberg and Brunstock 1983; Norrby 
and Eneström 1984). Such phenomenon has been termed "cell-to-cell inter- 
action between mast cells and fibroblasts with transgranulation" by Green- 
berg and Burnstock (1983). However, there are few reports documenting 
ultrastructurally phagocytosis of mast cell granules by fibroblasts in human 
connective tissue. 
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The purpose  of  this paper  is to repor t  of  phagocytosis  o f  mast  cell 
granules by f ibroblasts  in the f ibrous hyperplast ic  lesion of  the h u m an  
gingiva. 

Materials and methods 

The materials examined were taken from three cases of gingival fibrous hyperplasia. This 
was made up histologically almost entirely of dense bundles of fibrous tissue with slight focal 
or diffuse perivascular mononuclear cell infiltration. Tissue was fixed in 10% neutral buffered 
formalin and embedded in paraffin, and thin sections were stained with haematoxylin and 
eosin and with 1.0% aqueous toluidine blue for light microscopy. Small segments of formalin- 
fixed materials were prepared for ultrastructural examination, after rinsing with neutral phos- 
phate buffer solution. The specimens were re-fixed in 4.0% glutaraldehyde, and were post-fixed 
in 2.0% osmium tetroxide. They were embedded in resin after dehydration. Then ultrathin 
sections were cut, stained with uranyl acetate and lead citrate, and examined in an Akashi 
LEM-2000 ultramicroscope. 

Results 

Light microscopic findings 

Light  microscopic  examinat ion  in all cases revealed a varied distr ibution 
o f  mast  cells which were round,  ovoid  or e longated in shape t h roughou t  
the lesion. These cells were more  prevalent  in the perivascular  areas, and 
the mast  cell popu la t ion  in these areas was approximate ly  80 per square 
millimeter. 

Ultrastructural findings 

Ultras t ructura l ly ,  the lesion was composed  of  irregular- and densely-ar- 
ranged collagen bundles.  Varying numbers  of  mast  cells, o ther  mononuc lea r  
cells and fibroblasts were  scat tered t h roughou t  the lesion, but  they were 
p rominen t  in the per ivascular  areas. N o  p o l y m o r p h o n u c l e a  leukocytes were 
found  in the lesion. 

Mas t  cells had nume  ous t ight ly-packed granules within t h e i  cytoplasm, 
and degranulat ing mast  cells were f requent ly  noted.  In some parts,  e lectron 
dense and spherical granules which had similar morphologica l  features to 
those o f  the mast  cell granules were detected within the cytoplasm of  the 
spindle-shaped cells which were in terpre ted as f ibroblasts (Figs. I and 2), 
whereas serial sections o f  the same cells showed no evidence that  these 
electron dense and spherical granules had been shed into the extracellular 
space. Such findings were interpreted as evidence o f  phagocytosis  o f  mast  
cell granules by fibroblasts.  Some of  f ibroblasts containing mast  cell granules 
in their cy toplasm were in close contac t  with granule-rich mast  cells (Fig. 1), 
and some o f  them were not  in contac t  with mast  cells (Fig. 2). N u m ero u s  
released mast  cell granules were scat tered a round  the latter type o f  fibro- 
blasts (Fig. 2). I t  was est imated that  phagocytosis  of  mast  cell granules 
occurred in four  to six per cent o f  the fibroblasts.  All o f  granules within 
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Fig. I a, b. Fibroblast in close contact with granule-rich mast cell, and mast cell granules can 
be seen with the cytoplasm of fibroblast. (a) x 6,670 and (b) × 20,600 
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Fig. 2. Mast cell granules in the cytoplasmic process of a fibroblast. Many released mast 
cell granules are scattered in the surrounding area. x/6,800 

the fibroblasts showed same morphological appearance. Phagocytosis of 
mast cell granules by vascular endothelial cells or other cells was not found. 

Discussion 

As yet, the precise role of the mast cells in collagen synthesis has not been 
elucidated. However, several good reviews of this problem have been pub- 
lished. Sandberg (1962) demonstrated in rats that the formation of collagen 
in granulation tissue was enhanced by release of mast cell granules. Watan- 
abe et al. (1974) reported that prominent mast cell accumulation was found 
in the experimentally induced pulmonary fibrosis in rats, and considered 
that released mast cell granules would react with the septal fibroblastic 
cells by adsorbing on their cell surface or by being ingested, resulting in 
the stimulation of collagen synthesis. Furthermore, light microscopic exami- 
nations of rat skin after degranulation of mast cells induced by polyamines 
such as compound 48/80, anti-rat IgE, or injection of isolated mast cell 
granules suggested discharged mast cell granules were internalized by resi- 
dent connective tissue fibroblasts (Higginbotham et al. 1956; Tannenbaum 
et al. 1980). Recently, confirmatory evidence of phagocytosis of mast cell 
granules by fibroblasts has been demonstrated ultrastructurally in vitro and 
in vivo by Rao et al. (1983), Greenberg and Burnstock (1983), and Norrby 
and Eneström (1984). 
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In addition, it is well known that mast cell accumulations in various 
degrees occur in the human neoplastic and non-neoplastic lesions with more 
or less prominent fibrous component. Furthermore, Arnold and Huth (1978) 
and Janin-Mercier et al. (1981) have demonstrated ultrastructurally that 
active fibroblasts are in close contact with degranulating mast cells in the 
human lesions. However, there have been no reports documenting phagocy- 
tosis of  mast cell granules by fibroblasts in the human lesion. Although 
the present ultrastructural examination of fibroblasts in fibrous hyperplastic 
lesion of the human gingiva was derived from materials fixed originally 
in 10% neutral buffered formalin, internalized mast cell granules in fibro- 
blasts were evident. Such findings are interpreted as phagocytosis of  mast 
cell granules by fibroblasts, and thus, mast cells may play some role in 
fibroblast activity in not only animals as reported previously, but also in 
human connective tissue. 
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