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Summary. So-called minute pulmonary chemodectoma 
is a curious, small lung tumour found mainly in women. 
The nature and origin of  the proliferating cells are still 
obscure. In the first report  on the tumour,  the compo- 
nent cells were described as resembling chemoreceptor 
cells and the tumour was named chemodectoma. How- 
ever, electron microscopic studies of  the tumour have 
revealed no evidence of neuronal characteristics and 
have shown a close resemblance to meningothelial cells. 
In this study, the electron microscopic findings were sim- 
ilar to those previously reported but in one of  the two 
cases, tumour cells were filled with abundant cytofila- 
ments, giving them an occasional dense, patch-like ap- 
pearance. Immunostaining for myosin and vimentin was 
positive in all tumour cells, but epithelial membrane an- 
tigen staining was not seen. These findings indicate that 
the turnout might have its origin from muscle cells. 
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Introduction 

So-called minute chemodectoma of the lung was first 
reported by Kohn et al. (1960) as multiple, minute pul- 
monary tumours resembling chemodectoma. The tu- 
mour is found in the periphery of any lobe of  the lung 
in association with chronic lung disease, such as chronic 
pulmonary thromboembolism and diffuse pulmonary 
damage. It is seen predominantly in female patients 
(Spain 1964; Dail 1988). Most of  the tumours are very 
small and are detected incidentally by light microscopic 
examination. 

The first report of an electron microscopic observa- 
tion of the tumour was that of Costero et al. (1972), 
who stated that the tumour is of pleural origin. Since 
then, only three reports of electron microscopic studies 
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of so-called minute chemodectoma of  the lung have been 
published (Kuhn and Askin 1975; Churg and Warnock 
1976; Gaffy et al. 1988). They have all suggested that 
the turnout is unrelated to chemoreceptors and that the 
fine structure of  the turnout resembles that of meningio- 
ma, characteristically showing a jigsaw puzzle-like ar- 
rangement of  the cell membrane, numerous well-formed 
desmosomes and lack of a basal lamina. Recently, Gaffy 
et al. (1988) reported that the tumour is composed of  
meningothelial-like nodules in the lung on the basis of  
immunohistochemical staining for various types of cy- 
toskeletal proteins and some cell markers. However, it 
is surprising to find "meningothel ia l"  cells present so 
frequently in the interstitium of the lung in close rela- 
tionship to the pulmonary veins. 

The tumour is so small that it is difficult to obtain 
fresh material for electron microscopic and immunohis- 
tochemical study in order to determine the cell of  origin, 
and this paper presents the results of  immunohistochem- 
ical staining for vimentin, myosin and epithelial mem- 
brane antigen (EMA) in seven cases and electron micro- 
graph in two. One of these showed quite different fea- 
tures from those previously reported. We discuss the pos- 
sible nature of the proliferating cells of  the tumour on 
the basis of  the ultrastructural findings and the immuno- 
histochemical study. 

Materials and methods 

All lung tissues examined in this study were fixed with 10% forma- 
lin solution and processed for routine histological examination. 
Sections from paraffin embedded tissues were cut (3 txm), deparaf- 
finized and stained with haematoxylin-eosin (H & E), periodic acid- 
Schiff (PAS) with or without prior diastase digestion, Mallory 
stain, silver impregnation, Grimelius stain and Fontana-Masson 
stain. For immunohistochemistry, serial sections of minute chemo- 
dectomas were immunostained for actin (Amersham International, 
England; dilution 1:500), muscle actin (Enzo Biochem, New York; 
dilution 1 : 1500), vimentin (Dakopatts, Denmark; dilution 1 : 200), 
desmin (Bio Genex Lab. USA Kit dilution 1 : 1), cyto-keratin (La- 
bosystem, Finland. dilution 1:200), EMA (Dakopatts, dilution 
1:200), S-100 protein (Dakopatts, dilution 1:200), neuron specific 
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Table 1. Clinicopathological data of the patients with so-called minute pulmonary chemodectoma 

Case Age Sex Pulmonary lesion Major non-pulmonary 
No. disease 

So-called minute chemodectoma 

Location Single/multiple 

1 50 F Lung carcinoma, large cell 
2 54 F Cryptococcosis 
3 56 M Lung carcinoma, squamous 
4 78 F Cryptococcosis; 

tumorlet in r-ML 
5 80 F Bronchopneumonia 
6 88 F Emphysema; 

tumorlet in r-ML 
7 94 F PA thromboembolism 

Brain infarct 

Diabetes mellitus 
Myocardial infarction 

Brain infarct 

1-LL Single 
r-UL Single 
1-UL Multiple 
r-LL Multiple 

1-UL Single 
r-UL 2 

All lobes Multiple 

Cases 1-3 : surgically resected material 
Cases 4-7: autopsy cases 
Cases 3 and 7: studies by electron microscopy 
UL, Upper lobe; ML, middle lobe; LL, lower lobe; r, right; 1, left 

Table 2. Immunohistochemical data of so-called minute pulmonary 
chemodectomas 

Case 

1(1) 2(1) 3(7) 4(4) 5(1) 6(1) 7(9) 

Cytokeratin - ND - ND ND ND - 
Vimentin + + + + + + + 
Desmin - ND - ND ND ND - 
Actin ND ND - - ND - - 
Muscle actin ND . . . . .  
Epithelial membrane ND - ND - ND - 

antigen 
Neuron-specific - ND - ND ND ND - 

enolase 
S-100 protein ND ND - ND ND ND - 
Myosin + ND + + + ND + 
Myoglobin - ND - ND ND ND - 

O; Number of foci examined 
+ ; positive in immunostain 
- ; negative in immunostain 
ND; not immunostained 

for immunohistochemistry 

enolase (NSE) (IBL, Gunma, Japan. dilution 1:500), myosin and 
myoglobin (Bio Genex Lab. Kit dilution 1:1) using avidin-biotin 
peroxidase complex (ABC) (Vector Laboratories, USA) (Hsu et al. 
1980) with or without pretreatment with 0.1% trypsin for 30 min 
at room temperature. Additionally, 10 meningiomas (5 of the men- 
ingotheliomatous type, 3 of the fibroblastic type, 2 of the angioblas- 
tic type), and 7 mesotheliomas (3 cases of the epithelial type and 
4 of the fibrous type) were immunostained using the same proce- 
dures. 

For electron microscopy, formalin-fixed, paraffin-embedded 
tissues of the 2 patients were used. One was from the left upper 
lobe of the lung of a 56-year-old man resected because of lung 
cancer; the other was from the lung of a 94-year-old woman who 
died of old age accompanied by brain infarction and multiple pul- 
monary thromboemboli. Two paraffin blocks of the lung tissues 
from each case were cut and deparaffinized with xylene, hydrated 
with graded alcohols and water, post-fixed with 1% osmium tetrox- 
ide for 1 h, dehydrated with graded alcohols and acetone, and 
embedded in Spurr's resin. After confirmation of the presence of 
so-called minute chemodectomas in these blocks, they were 
trimmed. Ultra-thin sections were cut and doubly stained with ura- 
nyl acetate and lead nitrate, and examined with a JEOL 100C 

electron microscope at 100 kV. Three cases of epithelial type and 
two cases of fibrous mesothelioma were also studied by electron 
microscopy. 

Results  

Small  loci  o f  so-ca l led  p u l m o n a r y  c h e m o d e c t o m a  were 
no ted  in H & E  s ta ined  sect ions loca ted  in the interst i -  
t ium at  the pe r iphe ry  o f  the lung, in close re la t ionsh ip  
to the small  p u l m o n a r y  veins. Occas iona l ly ,  t u m o u r  was 
s i tua ted  in the i n t e r lobu la r  connect ive  tissue. The  masses  
cons is ted  o f  in ters t i t ia l  nests o f  cells, s epa ra t ed  f rom air  
spaces  by  a r im o f  capi l la r ies  or  f ib rous  connect ive  tis- 
sue;  the sur face- to -a i r  space was covered  with cubo ida l  
a lveo la r  l ining cells. The  cell nests consis ted  o f  fa i r ly  
large,  b l a n d  cells wi th  sl ightly inden ted  nuclei  and  small ,  
i nconsp icuous  nucleoli .  They  were p o o r l y  def ined and  
the a b u n d a n t  c y t o p l a s m  was finely g r a n u l a r  and  sl ightly 
eos inophi l i c  in H & E s ta ined  sections.  They  were sl ightly 
pos i t ive  wi th  d ias tase-sens i t ive  P A S  stain,  ind ica t ing  the 
presence o f  glycogen,  bu t  never  s ta ined  by  Gr imel ius  
or  F o n t a n a - M a s s o n  stain.  N o  mi toses  were no ted  
(Figs.  1, 2). 

In  i m m u n o h i s t o c h e m i s t r y ,  all nests  o f  minu te  chemo-  
d e c t o m a s  were diffusely and  clear ly  s ta ined  for  v iment in  
and  myos in ,  bu t  never  for  E M A ,  despi te  posi t ive  s tain-  
ing o f  the epi thel ia l  cell m e m b r a n e s  (Fig.  3). In  high 
p o w e r  view, r eac t ion  p r o d u c t s  for  myos in  were no ted  
diffusely in the c y t o p l a s m  of  t u m o u r  cells (Fig.  4); how-  
ever, the s m o o t h  muscle  cells o f  the p u l m o n a r y  vessels 
and  o f  the in te r s t i t ium were m o r e  s t rong ly  stained.  In 
i m m u n o s t a i n i n g  for  ac t in  and  muscle  act in,  t u m o u r  cells 
were negat ive  in c o n t r a s t  to the s ta inabi l i ty  o f  s m o o t h  
muscle  cells o f  the p u l m o n a r y  vessels. I m m u n o s t a i n i n g  
for  S-100 pro te in ,  N S E  and  m y o g l o b i n  was also negat ive  
j u d g i n g  f rom the c on t ro l  specimens.  

In  to lu id ine-b lue  s ta ined  sect ions f rom e p o n - e m b e d -  
ded  tissue, c h e m o d e c t o m a - l i k e  bodies  were  sepa ra t ed  by  
capi l la r ies  and  bundles  o f  co l lagen and  elastic fibres 
(Fig.  5). U l t r a s t ruc tu ra l l y ,  they cons is ted  o f  a single type 
o f  cells tha t  had  i r regu la r  cy top l a smic  m e m b r a n e  p ro -  
cesses showing  a j i g saw puzzle- l ike  a r r a n g e m e n t  and  
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Fig. 1. So-called minute pulmonary chemodectoma. Numerous cells nests of so-called chemodectoma are noted in the fibrotic interstitium 
close to the visceral pleura. H&E x 100 

Fig. 2. High-power view of so-called minute chemodectoma of the lung. Nests of the tumour are noted in the interstitium in close 
relationship to puhnonary veins. The tumour cells contain fairly large nuclei but inconspicuous cell membrane. Mitosis is not seen. 
H&E • 

Fig. 3A-D. Immunohistochemistry for vimentin, myosin and EMA in serial sections. Small nests of so-called minute chemodectoma 
are noted around the pulmonary veins and they are strongly stained for vimentin (B) and diffusely for myosin (C), but completely 
negative for EMA despite positive staining of the epithelial cell membrane (C). A H & E; B immunostaining for vimentin; C for myosin; 
D for EMA. All x 100 

were linked by numerous well-formed desmosomes and 
desmosome-like junctions (Fig. 6). In some areas, the 
junctions were very long and flocculent material was 
noted between the opposing cell membranes; this resem- 
bled a basal lamina (Fig. 7). Most of these cells con- 
tained abundant  filaments in their cytoplasm, which 
were more clearly demonstrated in a surgical resection 
case. The tumour cells were filled with cytofilaments giv- 
ing them an occasional dense, patch-like appearance, 
but typical actin-myosin complexes were not detected. 
Glycogen granules were scattered mainly in the periph- 

ery of  the cells, sometimes forming aggregates (Fig. 8). 
No external lamina was noted around the tumour  cells. 
Small trabecula of  collagen fibres accompanied by elastic 
fibres were seen among the proliferating cells (Fig. 6), 
but no nerve was noted in or near the cell nests. Bundles 
of  intermediate-sized filaments, probably vimentin fila- 
ments, inserted into the well-formed desmosomes be- 
tween the opposing cells. Sometimes they showed dense 
aggregates of  intermediate filaments just beneath the cell 
membrane when they were sectioned, tangentially 
(Fig. 9). These proliferating cells did not contain neuro- 



Fig. 4. lmmunohistochemistry for myosin. Cytoplasm of proliferating cells of so-called minute chemodectoma in the interstitium are 
diffusely stained for myosin. ABC x 200 

Fig. 5. So-called minute pulmonary chemodectoma from epon-embedded tissue, The tumour is seen in the interstitium as ceil nests 
surrounded by thin connective tissue and consists of a single type of cells which oval nuclei and poorly defined cytoplasm. Toluidine-blue 
stain, x 200 

Fig, 6. Low power electron micrograph of so-called minute pulmonary chemodectoma, The cell nests of the turnout are clearly identified 
by their fibroblastic cells and capillaries. Proliferating cells possess irregular cytoplasmic processes and numerous well-formed desmosomes 
between the opposing cells, x 2300 

Fig. 7, Cells from the central portion of so-called minute pulmonary chemodectoma. The turnout cells possess irregular cytoplasm and 
have numerous well-formed desmosomes and desmosome-like junctions, In some area, the junctions are long, and flocculent material 
b e t ~ e n  opposing celt membranes looks like a basal lamina (arrowheads). A typicat external lamina is not seen around the tumour 
cells, x 7800 
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Fig. 8. High-magnification electron micrograph of so-called minute pulmonary chemodectoma. This photograph is of a paraffin-embedded 
surgical specimen, primarily fixed with 10% formalin solution. The proliferating cells have an inconspicuous membrane system including 
the cell and the nuclear membrane. However, they have abundant intracytoplasmic filaments and dense, patch-like structures consisting 
of accumulations of the filaments (Inset). Numerous well-formed desmosomes are noted along the cell membrane. Glycogen granules 
are scattered in the peripheral cytoplasm, x 14000. (Inset) x 60000 

Fig. 9. High-magnification electron micrograph of so-called minute chemodectoma of the lung. The tumour cells show a jigsaw puzzle-like 
arrangement between opposing cells and contain abundant intermediate-sized filaments, which aggregate and insert into well-formed 
desmosomes. • 24000 

endocrine granules or Weibel-Palade bodies, and no in- 
tercellular lumen format ion was noted. No mitoses were 
detected by electron microscopy. 

The clinicopathological and immunohistochemical  
data  are summarized in the Tables. 

Discussion 

Minute pulmonary chemodectoma is a unique neoplastic 
lesion found predominantly in female lungs associated 
with chronic pulmonary  thromboembol ism and diffuse 
pulmonary  damage. Hypoxic lung may stimulate forma-  
tion of  these tumours,  but the sexual predominancy of  
this tumour  is curious. The lesions are very small (usual- 
ly less than 2 m m  in diameter), and usually found inci- 
dentally by light microscopy. The pathological signifi- 
cance of  minute pulmonary  chemodectomas remains un- 
clear. In contrast  to the tumourlets of  the lung (Torikata 
et al. 1975), the nature and origin of  the proliferating 
cells is obscure and because of  the difficulty of  obtaining 
fresh material of  so small a tumour,  there is a lack of  
information about  the proliferating cells. 

In their report  Kohn  et al. (1960) described 19 cases 
in which the tumours  were detected incidentally in the 
lung tissue and also the intimate relationship with veins 
seen in serial sections. In the first electron microscopic 
study of so-called minute pulmonary  chemodectoma.  
Costero etal .  (1972) commented on the absence of  
nerves and neuroendocrine granules and the presence 
of well-formed desmosomes.  Since then, Kuhn  and As- 
kin (1975) and Churg and Warnock (1976) have pub- 
lished electron microscopic findings of  the tumours  and 
have seen irregular cytoplasmic membrane  processes, 
well-formed desmosomes,  cytoplasmic filaments and 
lack of  both  neuroendocrine granules and Weibel-Palade 
bodies. Both reports concluded that  the tumour  ceils 
resembled meningeal-pia arachnoid cells. In this study, 
in addition to the characteristic findings previously re- 
ported, cells filled with intracytoplasmic filaments hav- 
ing a dense, patch-like appearance were seen, resembling 
smooth muscle cells despite their poor  preservation. 

For comparat ive purposes ten cases of  various types 
of  meningioma were stained for vimentin, and showed 
diffuse staining but were not stained for myosin and 
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EMA. Epithelial mesothel ioma had quite different light 
and electron microscopic features and also showed a 
positive reactivity for keratin. Tumour  cells of  fibrous 
mesothel ioma of  the pleura showed positivity for vimen- 
tin but not for myosin, and had no desmosomes or jig- 
saw puzzle-like appearence of  the cell membrane,  so 
characteristic of  minute chemodectoma of  the lung. 

In their immunohistochemical  study, Gaffy et al. 
(1988) found that most  of  the tumour  cells reacted posi- 
tively for E M A  and vimentin, but negatively for cytoker- 
atin, S-100 protein, NSE and actin. On the basis of  these 
and electron microscopic findings, they concluded that 
the tumours are minute pulmonary  meningotheliaMike 
nodules. However, in the current series, the tumour  cells 
were diffusely positive for vimentin and myosin, but 
completely negative for EMA;  these findings do not sup- 
por t  similarity to meningothelial cells; the diagnostic 
value of  E M A  immunostaining of meningiomas has 
been emphasized (Schnitt and Vogel 1986). Immuno-  
staining for actin and muscle actin was diffusely negative 
in this study and the literature on the anti-muscle actin 
ant ibody states that it does not react to normal  pericytes. 
In immunostaining for actin, most  epithelial cells, in- 
cluding the ciliated cells which contain considerable 
amount  of  actin, did not stain, suggesting that the 
amount  of  actin may be small or that preservation of  
immunochemical  properties by fixation is poor. 

Cases of  meningioma in the lung have been reported 
(Kemnitz et al. 1982) and many  more  cases of  haeman-  
giopericytoma have been presented (Meade et al. 1974; 
Shin and Ho 1979; Yousem and Hochholzer 1987). Hae- 
mangiopericytic proliferation in meningroma has been 
studied by electron microscopy and a critical difference 
between the two cell types was the presence or absence 
of  the basal lamina (Pena 1977; Mirra  and Miles 1982). 
Normal  pericytes can easily be recognized by electron 
microscopy; however, we do not know what is specific 
for the pericyte or how to distinguish pericytic neoplastic 
cells by means of  immunohistochemistry.  Furthermore,  
ultrastructural findings of  haemangiopericytomas vary 
from case to case and the ultrastructural findings of  so- 
called minute pulmonary  chemodectoma are more likely 
to be those of  meningioma than haemangioper icytoma 
(Eimoto 1977; Nunnery et al. 1981 ; Henderson and Pa- 
padimitr iou 1982). However, some haemangiopericyto- 
mas of  the soft tissue (Henderson and Papadimitr iou 
1982) and myof ibroblas tomas (Ghadially et al. 1983) 
have ultrastructural features similar to those of  so-called 
minute chemodectoma of  the lung, with numerous des- 
mosomes and no basal lamina. We cannot find any cells 
in normal  lung tissue that  show the same ultrastructural 
morphology  such as that of  the proliferating cells in 
minute chemodectoma.  However, the anatomical  local- 
ization of  the tumours  containing myosin-positive cells 
in close association with the pulmonary  veins is interest- 
ing. 

We suggest that minute pulmonary  chemodectomas 
show smooth muscle cell differentiation notably when 
closely associated with the small pulmonary  veins. We 

do not see evidence of  meningothelial cell differentiation, 
and note that  myosin-like molecules have been detected 
in human  non-muscle cells (Pollard and Weihing 1974). 
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