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Summary. Atypical cilia in the bronchial mucosa of non-smoking women and in guinea-pig 
lungs were studied by the electron microscope. In human cases, numerous compound cilia 
were observed in the main bronchi. The largest one contained about 40 axial filament complexes 
in a ciliary shaft. Occasionally, atypical basal bodies were also seen. 

In the experimental model in guinea-pigs, 50% oxygen at  one atmospheric pressure 
damaged the bronchial surface and resulted in degeneration and reduction of cilia and pellieular 
structures. The injury was not sufficiently severe to initiate adaptation and reparative mecha- 
nisms in the bronchial mucosa, and rapid renewal of the surface structures was found. 

The human cases were associated with bronchogenic carcinoma but the experimental model 
suggested that atypical cilia were not always related to pulmonary carcinogenesis. 
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The  fine s t ruc ture  of kinoci l ia  was f irst  examined  b y  F a w c e t t  and  Por t e r  (1954). 
Today ,  i t  is widely  accepted  t h a t  each k inoc i l ium has a cons tan t  number  of 
f i laments  wi th in  a single c i l iary  shaft .  A l though  9~-0, 9~-1 and  9~-3 p a t t e r n s  for 
the  normal  k inoci l ium are described,  most  of the  kinoci l ia  have  two cent ra l  fila- 
men t s  su r rounded  b y  nine per iphera l  ones wi th  a double  s t ruc ture  - -  9 + 2  p a t t e r n  
of the  axia l  f i l ament  complex (Rhodin,  1966; Afzelius, 1969; see Konradova ,  
1973). I n  the  r e sp i r a to ry  organs of ver tebra tes ,  c i l ia ted epi thel ia l  cells have  
numerous  kinoci l ia  showing the  9~-2 p a t t e r n  which is t hough t  to  be ve ry  s table .  

A typ ica l  cilia were f irst  r epo r t ed  b y  Sta i r  (1962). Fol lowing this  a number  of 
repor t s  on abnorma l  cilia in var ious  k inds  of an imals  were presented.  Repor t s  on 
abnorma l  cilia in the  r e sp i r a to ry  t r a c t  were cur iously rare  considering the  grea t  
a m o u n t  of e lec t ron microscopic work  carr ied out,  a l though in man,  a typ i ca l  cilia 
were no ted  in a case r epo r t  b y  Ai l sby  and  Ghad ia l ly  (1973) and  in an  e lect ron 
microscopic s t u d y  on the  bronchi t ic  bronchus  b y  W a t s o n  and  B r i n k m a n  (1964). 
A t y p i c a l  cilia in the  middle  ear  mucosa  ( K a w a b a t a  and  Papare l la ,  1969), the  
no rma l  endomet r ium (Hando et  al., 1968), the  gas t r i t ic  mucosa  (Watanabe  et  al., 
1974) and  some benign or m a l i g n a n t  t umors  (Gai to  et  al., 1965; Luse and  Viet t i ,  
1968) have  also been descr ibed in  man .  

I n  animals ,  repor t s  of a typ ica l  cilia in the  middle  ear  mucosa  of thegu inea -p ig  
( K a w a b a t a  et  al. ,  1969), the  t h y m i c  cysts  of the  nude  mouse (Cordier, 1974), the  
t r acheobronch ia l  mncosa  of the  r a b b i t  (Konradova ,  1973) and  the  ha ms t e r  (Harr i s  
e t  al., 1974) have  been publ ished.  
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One  of t h e  m o s t  c o m m o n  p a t h o l o g i c a l  a l t e r a t i o n s  of t r a c h e o b r o n c h i a l  e p i t h e l i u m  

is s q u a m o u s  m e t a p l a s i a .  E x p e r i m e n t a l l y  i n d u c e d  s q u a m o u s  m e t a p l a s i a  of t h e  

lung  in  v i t a m i n  A de f i c i en t  r a t s  (Wong  a n d  Buck ,  1971) a n d  in dogs in e x p e r i m e n t a l  

c i g a r e t t e  s m o k e  i n h a l a t i o n  (F rasca  e t  M., 1968) were  e x a m i n e d  w i t h  e l ec t ron  

mic roscopy .  O n l y  a few i n t r a c y t o p l a s m i c  cil ia were  f o u n d  in  s q u a m o u s  m e t a p l a s i a .  

Th i s  p a p e r  r epo r t s  t h e  p resence  of a b n o r m a l  cilia in t h e  b r o n c h i a l  m u c o s a  in 

n o n - s m o k i n g  p a t i e n t s  w i t h  b r o n c h o g e n i c  ca rc inomas ,  a n d  b o t h  in  gu inea -p igs  

t r e a t e d  w i t h  soluble  i m m u n e  c o m p l e x  a n d  cont ro ls  k e p t  in  an  o x y g e n  r ich  a tmos -  
phe re  for  a l ong  per iod .  

T h e  m a i n  a im  of th i s  s t u d y  is an  a t t e m p t  to  c la r i fy  t h e  n a t u r e  of t h e  sub- 

mic roscop ic  a l t e r a t i o n s  of b r o n c h i a l  m u c o s a  caused  b y  e n v i r o n m e n t a l  f ac to r s  

o the r  t h a n  c iga re t t e  s m o k e  a n d  t h e  r e l a t i o n s h i p  b e t w e e n  these  m o r p h o l o g i c a l  

f ind ings  a n d  in i t i a l  changes  of t r a c h e o b r o n c h i a l  p a t h o l o g y .  

I. Case Reports of I tuman Cases 

Short Histories 

Case No. 1. : The patient was a 48 year old housewife, a non-smoker. She was informed 
the presence of an abnormal shadow in the left upper lobe of the lung and was admitted to the 
:National Kanagawa Hospital where she was found to have a bronchogenic carcinoma of the 
lung. 

Case No. 2. : A 58 year old clerk, also a non-smoker. About 28 years ago, she was treated 
for pulmonary tuberculosis and was followed up with chest X-rays. These eventually showed 
an abnormal shadow in the right lower lobe. Bronchial brush cytology revealed an adeno- 
carcinoma of the lung. 

The two patients had no history of preoperative irradiation or administration of antitumor 
drugs, nor of specific occupational or environmental conditions which might constitute a 
hazard. 

Materials and Methods 

Specimens for electron microscopy were obtained from tumor masses, peripheral lung 
tissues and the resected ends of the bronchi. These specimens were fixed with 1% osmium 
tetroxide in a phosphate buffer for 2 hours soon after the lungs were removed and were dehydr- 
ated with graded alcohols and embedded in epoxy resin. Ultrathin sections were cut with glass 
knives on a Porter-Blum ultratome, and stained with nranyl acetate and lead. They were 
examined with a JEM IOGB electron microscope. The remainder of the lungs was fixed with 
10 % formalin solution and prepared for routin histological examination. 

Observation 

Case No. 1: The tumor was an adenocarcinoma of the lung. Main bronchial epithelium 
appeared somewhat hyperplastic but  no squamous metaplasia was seen. Electron microscopy 
revealed the presence of abnormal cilia in the bronchial mucosa. These were mostly found in 
the main bronchi and rarely in the bronchioles. 

One of the most characteristic appearances was the so-called compound cilia which con- 
tained two or more axial filament complexes within a ciliary shaft. In cross section, the largest 
had about 40 axial filament complexes within a single ciliary shaft. In longitudinal section, 
ciliary bodies were irregularly arranged and were found at abnormal distances from the cell 
surface, occasional intracytoplasmic cilia were observed. In  addition, irregular arrangements 
and changes in numbers of the axial filaments were commonly seen. A swollen cilium with much 
more intracellular matrix than is usually seen in a ciliary shaft was occasionally observed. Some 
abnormal ciliary bodies were also noticed (Figs. 1, 2). 
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Fig. 1. Abnormal  cilia in the  bronchial  mucosa from the  Case I. Numerous compound cilia 
transversely and longitudinally sectioned are seen. Intracytoplasmic cilium and abnormal  
basal bodies (arrow) are also observed. • 16,000. A Apical surface; B Basement  membrane 
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Fig. 2. Compound cilia from the Case 1. Compound cilia containing 2, 4 and 6 axial filament 
complexes are observed. • 8,800 

Case No. 2 : Histological examination revealed an adenocarcinoma of the lung located at 
the right lower lobe and calcified nodules possibly due to old tuberculosis. The bronchial 
epithelium appeared ahnost normal in light microscopic examination. Electron microscopic 
observations revealed the presence of abnormal cilia but  they were few in number. Compound 
cilia containing three axial filament complexes and disorientated axial filaments were occasion- 
ally observed. 

II. Experimental Model in the Guinea-Pig Lungs 

Materials and Methods 

Conventional guinea-pigs, weighing from 200 to 250 g and of both sexes were used. The 
animals were injected with 1 ml of soluble BSA anti-BSA rabbit serum complex intravenously 
and were kept in room air or 50% oxygen at one atmospheric pressure for one to 150 experi- 
mental days. 

Non-treated animals kept in room air or 50% oxygen were also kept for the same period. 
The lungs and other organs were prepared for light and electron microscopic observation by 
the procedures normally used in the laboratory. 

Observations 

A f t e r  seve ra l  days ,  i n t e r s t i t i a l  p n e u m o n i t i s  o c c u r r e d  in al l  t h e  so luble  i m m u n e  

c o m p l e x  i n j e c t e d  an ima l s .  T h e  r e l a t i v e l y  h igh  o x y g e n  c o n d i t i o n  caused  t h e  per-  

s i s tence  of i n f l a m m a t o r y  processes  a n d  r e su l t ed  in  d i f fuse  p u l m o n a r y  f ibrosis  

s imi lar  to  t h a t  seen in  m a n  (Tor ika ta ,  1974). I n  t h e  l a t e  s tage,  t h e  b r o n c h i a l  

e p i t h e l i u m  showed  h y p e r p l a s i a  b u t  no s q u a m o u s  m e t a p l a s i a  was  o b s e r v e d  in  th is  
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Figs. 3 and 4. Compound cilia of the guinea-pig bronchus from the 10th day. Compound cilia 
in cross section (Fig. 3) are very similar to those in Figs. 1 and 2. An abnormal cluster of basal 
bodies in a eiliated epithelial cell is observed. In longitudinal section (Fig. 4), irregular arange- 
ment of numerous axial filaments in a ciliary shaft is observed. A kinoeilium (arrow) eontians 

two additional filaments in an envelope. • 8,500 (Fig. 3) • 11,500 (Fig. 4) 

expe r imen ta l  series. On the  10th day ,  abno rma l  cilia were f requen t ly  found. 
Compound  cilia conta in ing  five or more  ax ia l  f i l ament  complexes were observed 
and  the i r  morpho logy  was ve ry  s imilar  to  t h a t  of the  h u m a n  eases (Figs. 3, 4). 
I n t r a e y t o p l a s m i e  cilia in the  oedematous  cy top lasm were also observed (Fig. 5). 
I n  the  lungs, a b n o r m a l  cilia were stil l  observed in the  bronchia l  mueosa  af ter  the  

100th d a y  (Fig. 6). 
N o n - t r e a t e d  guinea-pigs  kep t  in the  oxygen  rich a tmosphere  showed the  same 

bronchia l  pa tho logy .  I n  animals  k e p t  under  hyperoxygen ie  condi t ion,  epi thel ia l  
hype rp l a s i a  was no ted  af te r  30 or more  exper imen ta l  days  and  a typ ica l  dus t e r s  
of the  basa l  bodies and  in t r aey top l a smie  eanalicul i  covered wi th  cilia and  mierovil l i  
were occas ional ly  observed (Fig. 7). Among  these  cilia, smal l  numbers  of a typ ica l  
cilia were also observed.  The incidence of a b n o r m a l  cilia in an imals  not  subjec ted  
to  oxygen  inha la t ion  was ve ry  low. Only  two abnorma l  cilia in one soluble immune  
complex in jec ted  an imal  were found. One was a compound  cil ium conta in ing two 
axia l  f i l ament  complexes and  the  o ther  had  an  abnorma l  f i l ament  of 10-4-2 pa t t e rn .  
The  a b n o r m a l  cilia found in the  h u m a n  eases, and  in the  exper imen ta l  an imals  
are  summar ized  in Table  1. 
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Fig. 5. An electron micrograph of the guinea-pig bronchus from the 10th day. Edematous 
cytoplasmic protrusions and some intracytoplasmic cilia are observed. • ~,900 

Fig. 6. An electron micrograph of the guinea-pig from the 100th day. Basal bodies are regularly 
arranged at the apical portion but abnormal cilia are still observable (arrows). • 6,000 
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Fig. 7. Intracytoplasmic canaliculi covered with cilia and microvilli in the guinea-pig bronchus 
from the 80th day. • 5,000 

Table 1. Atypical cilia in human cases and in guinea-pigs 

Single axial filament complex 

changes in swollen intra- 
cilium cytoplasmic 

numbers arrangements cilium 

Compound 
cilia 
( )* 

Human cases 
Case No. 1.48 y.o. F + 3 +  3 3 + 3 3  (40) 
Case No. 2.58 y.o. F + +  -4- -4- -- -4--4- (3) 

guinea-pigs 
1. immune complex injection -4- -- -- --  -4- 
2 .50% oxygen inhalation -4--4- 3-4- -4--4- -4- -4- (3) 
3. 1. plus 2. -4--4- -4-?-4- -4--4- -4--4- +-4- (8) 
4. control . . . . .  

- n o t  seen; -c observed but rare; + 3 occasional; + -4- -4- numerous: ( )* maximum of the 
axial filament complexes 

Discussion 

W e  h a v e  f o u n d  a b n o r m a l  cil ia in n o n - s m o k i n g  w o m e n  w i t h  b r o n c h o g e n i c  
c a r c i n o m a s  a n d  in  gu inea -p ig s  s u b j e c t e d  to  increase  c o n c e n t r a t i o n s  of i n h a l e d  

o x y g e n .  
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Sorokin (1968) described ciliogenesis in fetal ra t  lungs but  there are few papers 
reporting repair processes in bronchial mucosa covered with ciliated epithelial 
cells. Although abnormal eiliogenesis is partially related to genetic factors, ab- 
normal cilia in the respiratory organs are usually caused by  environmental factors. 
These morphological changes may  cause inadequate ciliary propulsion and may  
result in prolonged a t tachment  of carcinogens to the bronchial epithelium. I f  this 
hypothesis is accepted, it is interesting to note tha t  abnormal cilia and irregular 
ciliary beats are related to carcinogenesis in the respiratory organs. 

Hando et al. (1968) reported the presence of numerous abnormal cilia in the 
human endometrium and suggested tha t  abnormal eiliogenesis was due to rapid 
renewal of the surface epithelial cells. Watanabe et al. (1974) reported the presence 
of abnormal cilia in inflamed human gastric mucosa. These reports suggest tha t  
abnormal ciliogcnesis is related to cell repair and proliferation. 

Harris et al. (197r reported the presence of a closed intraeellular space covered 
with cilia far from the cell surface in hamster lungs which had been exposed to 
carcinogens. In  this study, intracytoplasmic canalieuli covered with numerous 
cilia and pellicular structures were also observed in the experimental animals. 
These findings were interpreted as part  of the recanalization process of a bronchus 
filled with hyperplastic undifferentiated epithelial cells. 

Harmful  effects on smooth muscle cells by soluble immune complexes were 
studied by Trapani et al. (1958) and in our previous papers, l~he pathogenetic 
effects of BSA-anti BSA rabbi t  serum complex on guinea-pigs were reported 
(Yamaguehi et al., 1972, 1973). In  this study, effects of soluble immune complex 
on the bronchial smooth muscle cells were not seen and the induced changes in 
bronchial epithelium were negligible. 

The toxic effects of oxygen were described by Smith in the 19th century (1899). 
Today, it is well known tha t  pathological effects are related to the partial pressure 
of the gas and tha t  60 % oxygen at one atmospheric pressure is the upper limit of 
harmlessness for the normal lung. In  this experimental series, 50 % oxygen caused 
no pathological changes in the alveolar linings of the control animals (Torikata, 
1974) but  surface structures of the bronchial epithelia were damaged. 

These morphological alterations of the kinocilia are thought to be the initial 
changes of bronchitis. In  human cases the mechanism of atypical eiliogenesis is 
not clear but in some conditions, cigarette smoke, irritating gases and air pollutants 
might play a major role in abnormal eiliogenesis. 

Acknowledgement. We are indebted to Dr. K. Ishiwata, the National Kanagawa Hospital 
for his cooperation in the provision of the surgical materials. 

References 
Afzelius, B. A. : Ultrastructure of cilia and flagella. Handbook of molecular Cytology. ~orth 

Holland Research Monograph, Chapt. 45, 1119-1145, 1969. Amsterdam-London: ~Torth 
Holland 1969 

Ailsby, R.L., Ghadially, F.H.: Atypical cilia in human bronchial mueosa. J. Path. 109, 
75-78 (1973) 

Cordier, A. C. : Ciliogenesis and ciliary anomalies in thymic cysts of "Nude mice". Cell Tiss. 
Res. 148, 397406 (1974) 



Abnormal Cilia in the Bronchial 5lucosa 129 

Fawcett, D. W., Porter, K. R. : A study of the fine structure of ciliated epithelium. J. Morph. 
94,221-264 (1954) 

Frasca, J. M., Auerbach, O., Parks, V. R. : Electron microscopic observations of the bronchial 
epithelium of the dogs. II  Smoking dogs. Exp. molec. Path. 9, 380-399 (1968) 

Gaito, R. A., Gaylord, W.H.,  Hilding, D. A. : Ultrastructure of a human nasal papilloma. 
Laryngoscope (St. Louis) 75, 144-152 (1965) 

Hando, T., Okada, D. M., Zamboni, L.: Atypical cilia in human endometrium. J. Cell Biol. 
39, 475-481 (1968) 

Harris, C. C., Kaufman, D. G., Jackson, F., Smith, J. M., Dedick, P., Saffiotti, F.: Atypical 
cilia in the tracheobronehial epithelium of the hamster during respiratory carcinogenesis. 
J. Path. 114, 17-21 (1974) 

Kawabata, I., Paparella, M.: Atypical cilia in normal human and guinea pig middle ear 
mucosa. Acta oto-laryng. (Stockh.) 67, 511-515 (1969) 

Konradova, V. : Atypical kinocilia in the tracheal epithelium. Folia morph. (Praha) 21, 71-78 
(1973) 

Luse, S.A., Vietti, T.: Ovarian tcratoma. Ultrastructure and neural component. Cancer 
(Philad.) 21, 38-52 (1968) 

Rhodin, J .A .G.  : Ultrastrueture and function of the human tracheal mucosa. Amer. l~ev. 
resp. Dis. 93 t-15 (1966) 

Satir, P. : On the evolutionary stability of the 9§ pattern. J. Cell Biol. 12, 181-184 (1962) 
Smith, J. Z. : The pathological effects due to increase of oxygen tension in the air breathed. 

J. Physiol. (Lond.) 24, 19-35 (1899) 
Sorokin, S. P. : Reconstructions of centriole formation and ciliogenesis in mammalian lungs. 

J. Cell. Sci. 8, 207-230 (1968) 
Torikata, C. : Pathological studies on experimental pulmonary fibrosis induced by soluble 

immune complex--especially on its electron microscopic observations. Acta path. jap. 24, 
371-386 (1974) 

Trapani, I. L., Garvey, J. S., Campbell, D. H. : Stimulating actions of soluble antigen antibody 
complexes on normal guinea-pig smooth muscle. Science 127, 700-701 (1958) 

Watanabe, Y., Kodaira, T., Arimori, M.: Ciliated epithelium in gastric mucosa observed in 
chronic gastritis. An eleeton microscopic study. Gann 65, 184 (1974) 

Watson, J. H. L., Brinkman, G. L. :EIectron microscopy of the epithelial cells of normal and 
bronchitic human bronchus. Amer. Rev. resp. Dis. 90, 851-866 (1964) 

Wong, Y-C., Buck, R. C. : An electron microscopic study of metaplasia of the rat tracheal 
epithelium in vitamin A deficiency. Lab. Invest. 24, 55-66 (1971) 

Yamaguchi, H., Nakajima, S., Torikata, C., Takeuchi, H., Kageyama, K. : Studies on the 
morphological changes of artery caused by exudation--initial changes of arteritis. Acta 
path. jap. 22, 441-455 (1972) 

Yamaguchi, H., Torikata, C., Takeuchi, H., Kageyama, K.: Morphological changes of the 
endothelium in the lung with administration of soluble immune complexes. Acta path. jap. 
28, 51-58 (1973) 

Chikao Torikata, M. D. 
Department of Pathology 
Keio University 
School of Medicine 
Shinano-machi 35, Shinjuku-ku 
Tokyo, Japan 


