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Summary. Ciliated cells were round in the gastric mucosa 
in close association with intestinal metaplasia,  mainly 
in the pyloric mucosa,  of  Japanese patients. The occur- 
rence of ciliated cells is believed to be an acquired phe- 
nomenon and is considered to be a type of  metaplasia;  
the term "ciliated metaplas ia"  is used to describe this 
phenomenon.  Ciliated cells are found in the basal part  
of  the glands among normal- looking mucous cells, mu- 
cous neck cells and neuroendocrine cells, but  never on 
the surface or in foveolar epithelium. In ciliated cell- 
containing glands, mitoses were noted in the neck region 
and the ultrastructural features of  these cells were identi- 
cal to those of  undifferentiated neck cells. However,  cell 
metaplasia f rom undifferentiated cells to metaplastic ci- 
liated cells has never been demonstrated previously. The 
small mucus-granule-containing ciliated cells found in 
our present study may arise subsequent to division of  
undifferentiated neck cells into mucous cells with some 
daughter cells then exhibiting differentiation characteris- 
tics specific to ciliated cells. Thus they contain a mixture 
of  both small mucus granules and numerous basal bod- 
les and cilia, at the saine time as a transitional form. 
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Introduction 

Recently, ciliatd cells have been found in the human  
gastric mucosa,  frequently in the pyloric glands, rarely 
in the cardiac glands, but always in association with 
intestinal metaplasia (Rubio and Kato  1986; Kawaki ta  
1987; Torikata et al. 1986, 1989b, 1989c). The normal  
human gastric epithelium of  fetuses and adults contains 
no ciliated cells (Rubin et al. 1968) and this phenomenon 
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is therefore considered to be acquired. It  represents a 
metaplastic change in the gastric epithelium and the new 
term "ciliated metaplas ia"  has therefore been coined 
(Torikata et al. 1986; Rubio and Ka to  1986). However,  
the pathological significance of  ciliated gastric cells re- 
mains unclear, and cellular metamorphosis  to ciliated 
cells has not been demonstrated previousiy. 

In this paper,  the authors present electron micro- 
graphs of  small mucus-granule-containing ciliated cells 
in the human  pyloric mucosa which are morphological ly 
similar to the pre-ciliated cells found in the respiratory 
epithelium (Keenan 1987). We discuss a possible path- 
way f rom the undifferentiated neck cell to the metaplas- 
tic ciliated cell. 

Materials and methods 

Stomachs used in this study were obtained from material surgically 
resected because of gastric malignancy. Pyloric mucosa fixed with 
10 % formalin solution was cut and processed for routine histologi- 
cal examination. Sections of paraffin-embedded tissues were cut 
(3 ~tm) and stained with haematoxylin and eosin (H & E), periodic 
acid-Schiff (PAS) stain foUowing diastase digestion, alcian blue, 
mucicarmine. Grimelius and Fontana-Masson stains. For electron 
microscopy, the fresh pyloric mucosa of aged patients resected 
for gastric carcinoma were fixed with 1% tannic acid containing 
1% glutaraldehyde, post-fixed with 1% osmium tetroxide, and em- 
bedded in Spurr's resin (Spurr 1969). Ultrathin sections were cut, 
double-stained with uranyl acetate and lead nitrate and examined 
using a JEOL 100C eletron microscope at 100 kV. 

Results 

Ciliated cells in the human pyloric mucosa  were ob- 
served in the basal part  of  the glands in association with 
intestinal metaplasia. Ciliated cells were fairly large, cu- 
boidal, slightly eosinophilic, and exhibited no mitotic 
activity. Cilia were noted on the apical surface, often 
in the concave channels. Most  ciliated cells were negative 
with respect to various mucus stains, and they never 
stained positive in Grimelius or Fontana-Masson  stains. 
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Fig. 1. Ciliated cell-containing pyloric glands of the human stom- 
ach. Ciliated cells are noted in the basal part of the glands (arrow- 
heads) and, in the upper part, metaplastic goblet cells are noted. 
Mitotic cells (arrows) are seen in the neck region. H & E, x 200 

Fig. 2. PAS-positive, granule-containing ciliated cells in a human 
pyloric gland. Numerous ciliated cells are lined up, forming a gland. 
On the apical surface, numerous cilia are noted. PAS staining re- 
veals four ciliated cells (arrowheads) containing PAS-positive small 
granules in the supranuclear region. PAS, x 800 

However,  a very few ciliated cells located near the neck 
of  the glands stained positive with PAS, but these ciliated 
cells contained no large mucul-negative vacuoles in the 
cytoplasm. Ciliated cell-containing glands not infre- 
quently exhibited cystic dilatation of their basal portions 
and were lined up in considerable numbers. Some con- 
tained large mucus-negative vacuoles in the cytoplasm. 
Mitoses were noted in the neck, but hot in the basal 
part  of  the gland (Figs. 1, 2). 

Electron microscopy revealed ciliated cells occurring 
singly or in small clusters among the pyloric mucous 
cells, the mucous neck cells and neuroendocrine cells 
in the basal par t  of  the glands. Ciliated cells contained 
abundant  cytofilaments and in the supranuclear region, 
lipid droplets and sometimes lamellar structures and 
large vacuoles. Cilia were noted on the apical surface 
of  the cell and sometimes in the concave channels and 
were mixed with fairly long microvilli; however, there 

were fewer cilia per cell than in respiratory ciliated cells. 
These ciliated cells contained neither mucus granules nor 
neuroendocrine granules (Fig. 3). 

The undifferentiated cells in the neck of  the gland 
contained a nucleus and prominent  nucleoli, an extensive 
cytoplasmic matrix containing numerous ribosomes, few 
mucus granules and a large propor t ion of agranular en- 
doplasmic reticulum and mitochondria.  Microvilli were 
noted on the apical surface. Mitoses were seen on elec- 
tron microscopy (Fig. 4). The mucous neck cells were 
lined up in the neck region and contained fairly large 
mucus granules in the apical port ion;  however, with the 
exception of  the mucus granules, ultrastructural mor-  
phology was almost  the saine as that  of  the undifferen- 
tiated neck cell. 

Small mucus-granule-containing ciliated cells were 
noted in the lower par t  of  the neck of  the glands and 
were surrounded by undifferentiated neck cells, mucous 
neck cells and neuroendocrine cells, sometimes forming 
a small cluster (Fig. 5). These specific cells contained 
both small mucus granules, 10~150  nm in diameter, and 
numerous basal bodies, and these both frequently 
formed clusters in the apical port ion (Fig. 6A). The mu- 
cus granules were smaller than in the mucous neck cells 
and pyloric mucous cells (Fig. 6 B). With the exception 
of  the mucus granules and basal bodies, ultrastructural 
findings were similar to those of  undifferentiated neck 
cells. 

Small mucus-granule-containing ciliated cells have 
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Fig. 3. Metaplastic ciliated cells in 
the human pyloric mucosa. 
Ciliated cells are seen on a basal 
lamina, and numerous cilia are 
noted on the cell surface mixed 
with microvilli. In the supranuclear 
region, prominent lipid droplets 
are seen, but no mucus granules 
are seen in the cytoplasm, x 2200 

Fig. 4. Undifferentiated neck cells of a human pyloric gland. Three 
undifferentiated neck cells are seen between metaplastic goblet 
cells, and the centre one is undergoing mitosis. They contain nu- 
merous ribosomes, dilatated mitochondria and endoplasmic reticu- 
lum, but no mucus granules in the cytoplasm, x 3600 

Fig. 5, A small mucus-granule-containing ciliated cell in a human 
pyloric gland. A single small mucus-granule-containing ciliated cell 
is seen among undifferentiated neck cells. In the apical region, 
a cluster consisting of  numerous small mucus granules and nurner- 
ous basal bodies can be seen (arrowhead), and on the cell surface, 
numerous microvilli lacking cilia are seen. x 3600 
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Fig. 6A, B. Apical portion of small, mucus-granule-containing ci- 
liated cells. Numerous basal bodies, cilia and small mucus-granules 
are seen in the apical portion of two cells. In the right one, basal 
bodies have moved to the cell surface, and small mucus granules 
remain in the apical cytoplasm (A). The mucous granules contain 
electron-dense amorphous substance within a cellular membrane, 
and their diameter is about 100-150 nm (B). A x 7000, B x 24000 

been found in the pyloric mucosa of two 73-year-old 
male patients with gastric carcinoma. 

Discussion 

Ultrastructural observations of  ciliated cells in the hu- 
man gastric mucosa have been reported in association 
with intestinal metaplasia, mainly in Japanese patients 
(Kodaira et al. 1974; Okuda and Ogata 1976; Kawamata  
et al. 1986; Kawakita 1987; Torikata et al. 1986, 1989b, 
1989c). The occurrence of  these ciliated cells is believed 
to be an acquired phenomenon, and a new term "ciliated 
metaplasia" has been coined to describe it (Torikata et 
al. 1986; Rubio and Kato 1986); however, no pathway 
to metaplastic ciliated cells has been demonstrated. Only 
the presence of  ciliated cells and a close association with 
intestinal metaplasia in the stomach have been reported. 
With respect to intestinal metaplasia of gastric epitheli- 
um, various types of  epithelial cells encountered in me- 
taplastic foci are found to be identical to normal intesti- 
nal epithelial cells both morphologically and functional- 
ly and this is the basis for referring to this phenomenon 
as intestinal metaplasia. However, ciliated cells are not  
included among the constituents of  so-called intestinal 
metaplasia of  the stomach and the pathological signifi- 
cance of this phenomenon remains unclear. 

This report  is the first to demonstrate a transitional 
form between normal gastric epithelial cells and meta- 
plastic ciliated cells ultrastructurally. Pre-ciliated cells 
have been demonstrated in respiratory epithelium during 
the repair process after injury (Keenan 1987). In normal 
bronchi, small mucus granule cells (SMGC) in the bron- 
chial epithelium have mitotic activity and have been dis- 
cussed as multipotential reserve cells (McDowell et al. 
1982)). Ciliated-secretory cells have been demonstrated 
to be transitional forms (Jeffrey 1983). In the normal 
gastric mucosa, mitotic cells are always found in the 
neck of the glands and referred to as undifferentiated 
neck cells (Bloom and Fawcett 1975). In the metaplastic 
regions, mitoses are also noted in the neck, but never 
in the basal part  of  the gland, and the cells undergoing 
mitosis are identical to undifferentiated neck cells ultra- 
structurally. Metaplastic ciliated cells in the gastric mu- 
cosa have always been associated with so-called intesti- 
nal metaplasia, and have been found in the lower part, 
mostly in the basal part  of  the glands, and never on 
the surface or in foveolar epithelium (Kawakita 1987; 
Torikata et al. 1989b). 

Metaplastic ciliated cells have been found in pyloric 
(Kodaira et al. 1974; Okuda and Ogata 1976; Rubio 
and Kato 1986; Kawakita 1987; Torikata et al. 1986, 
1989b) and cardiac glands (Torikata et al. 1989c) in 
close proximity to mucous cells, but not in close proximi- 
ty to the chief cells in gastric glands. In this study, small 
mucus-granule-containing ciliated cells were found in 
metaplastic mucosa, but no small mucus-granule-con- 
taining cells, like the SMGC in the bronchial epithelium, 
were found; in the gastric mucosa, only undifferentiated 
neck cells possess mitotic activity. Therefore, a direct 
metaplastic relationship between mucous neck cells and 
small mucus-granule-containing ciliated cells is uncer- 
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tain.  However ,  the occur rence  o f  smal l  mucus  granules  
in the  neck  cells migh t  represen t  an ini t ia l  s tage o f  mucus  
p r o d u c t i o n  and  be indica t ive  o f  d i f fe ren t ia t ion  into  PAS-  
posi t ive  m u c o u s  cells. In  the  process  o f  d i f fe ren t i a t ion  
into  m u c o u s  cells, such small  mucus -g ranu l e - con t a in ing  
cells m a y  arise subsequent  to the  d ivis ion o f  undi f feren-  
t ia ted  neck cells. The  daugh te r  cells which  then  exhibi t  
d i f fe ren t i a t ion  charac ter i s t ics  specific to c i l ia ted  cells 
m a y  d i sp lay  a mix ture  o f  smal l  mucus -g ranu le s  and  nu-  
m e r o u s  basa l  bodies .  The  smal l  mucus  granules  in these 
me tap l a s t i c  cells p r o b a b l y  d i s a p p e a r  soon  af ter  ci l iogen- 
esis s tarts .  Me tap la s t i c  c i l ia ted cells in h u m a n  pylor ic  
g lands  somet imes  con ta in  large mucus -nega t ive  vacuoles  
in the c y t o p l a s m  (Tor ika ta  et al. 1989a);  however ,  smal l  
m uc us -g r anu l e - con t a in ing  c i l ia ted cells never  con ta in  
such vacuoles ,  suggest ing tha t  these cells migh t  be newly  
f o r m e d  by  divis ion o f  und i f fe ren t i a t ed  neck cells. I t  is 
still n o t  c lear  wha t  mechan ica l  or  chemica l  s t imuli  give 
rise to the  genet ic  abnorma l i t i e s  which  change  undif fer -  
en t ia ted  neck cells in to  metap las t i c ,  c i l ia ted  cells. 
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