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Summary. Using ultrastructural methods we stud- 
ied the interaction of  tumour cells and lung paren- 
chyma in deep areas (i.e., more than about  3 mm 
from the tumour surface) of  50 bronchogenic squa- 
mous cell carcinomas. The tumour periphery, stud- 
ied previously, had shown organized associations 
of tumour cells and lung epithelial cells and a sur- 
prising lack of  invasion of non-epithelial tissue 
compartments. The deeper areas, where the tu- 
mour cells and the lung parenchyma had been in 
contact for longer periods, consisted of  irregular 
groups of  tumour cells and desmoplastic stroma 
which was very similar to granulation tissue. The 
deeper areas also contained many intact lung epi- 
thelial cells, arranged in compressed and distorted 
alveolar structures. Where non-neoplastic epitheli- 
al cells and tumour cells had direct contact, they 
formed common junctional complexes and basal 
laminae. In part of  the tumours, the cells were 
largely devoid of  a basal lamina. However, in most 
instances a continuous basal lamina surrounded 
every tumour cell group studied, even when these 
formed irregular strands or seemed to be complete- 
ly isolated. 
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Introduction 

The capacity for invasion is one of  the main prop- 
erties distinguishing malignant from non-malig- 
nant cells. In order to invade surrounding tissues, 
tumour cells must necessarily alter or break down 
structures in their environment. However, in pre- 

Offprint requests to: K.P. Dingemans address see above 

vious ultrastructural studies on various types of  
intravascularly administered tumour cells in mice, 
we have consistently found that the tumour cells 
inserted themselves into host tissues in a remark- 
ably organized fashion, with hardly any morpho- 
logical signs of  tissue destruction (Dingemans 
1973; 1974; Roos and Dingemans 1981; 
Dingemans and Roos 1982). From these results 
the question arose whether such orderly behavior 
constitutes a general attribute of  invasive tumour 
cells, or is related to the artificial model systems 
used. It seemed therefore worthwhile to compare 
the experimental tumours with human material. 
To this end, we collected a large series of  human 
bronchogenic squamous cell carcinomas and stud- 
ied the interaction of  tumour cells and pre-existing 
lung parenchyma. 

The tumour periphery, where the cells have 
only recently come into contact with the lung pa- 
renchyma, has been described previously 
(Dingemans and Mooi  1986). It appeared that, 
also in this human material, turnout cells and pre- 
existing tissue integrated in a highly organized way 
with full preservation of  the alveolar tissue pattern. 
Furthermore, virtually all the tumour cells were 
located in the epithelial tissue compartment,  with- 
out migrating through the basal lamina (BL) which 
separates the epithelium from the interstitium. This 
means that, unexpectedly, the peripheral"  invasion 
front"  of  a bronchogenic squamous cell carcinoma 
behaves as a carcinoma in situ despite the light 
microscopic appearance of  a complex mixture of  
tumour cells and non-neoplastic lung cells. 

The subject of  the present paper is the deeper 
areas of  bronchogenic squamous cell carcinomas, 
where the contact between tumour cells and lung 
parenchyma has existed for a longer period. In 
these deeper areas, a prominent desmoplastic re- 
sponse has developed, resulting in an irregular 
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Fig. 1 a. Survey of deep tumour area, showing 4 tumour cell groups within electron-lucent stroma. Predominant stromal cells 
are elongated myofibroblasts. Detail indicated by asterisk is enlarged in h. b Detail showing edge of tumour cell group. BL 
covers turnout cells even in areas where surface is highly irregular, e Detail of electron-lucent matrix in sample treated with 
cnprolinic blue. Proteoglycan is visible as system of short stripes, filling extracellular space. Although cuprolinic blue treatment 
is not optimal for preservation of cellular details, cell at left is recognizable as myofibroblast by presence of peripheral sheaths 
of microfilaments and somewhat dilated endoplasmic reticulum, lined by ribosomes, a × 750 (bar represents 10 microns); b x 18 000 
(bar represents 1 micron); e x 35000 (bar represents 1 micron) 
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histological picture very different  f rom that  in the 
t um our  periphery.  The questions to be answered 
were, first, does the pro longed  contac t  between tu- 
mour  cells and lung pa renchyma  lead to degenera-  
t ion o f  the pa renchymal  cells and, if so, are there 
morpholog ic  indications o f  the mechanism o f  this 
degenera t ion?  Second, do the t umour  cells in the 
deeper  t umour  areas leave the conf inement  o f  the 
epithelial BL? and, third, what  is the na ture  o f  
the newly formed s t roma?  

Materials and methods 

The collection and preparation of specimens for electron mi- 
croscopy from an essentially non-selective series of 43 resected 
bronchogenic squamous cell carcinomas have been described 
in detail in a previous paper (Dingemans and Mooi 1986). 
Briefly, two or three large pieces of tumour tissue, containing 
the tumour lung interface at one end, were taken from each 
case and fixed in Karnofsky's fixative. From these pieces, both 
superficial and deeper samples were taken and embedded for 
electron microscopy; in selecting the samples, large blood ves- 
sels and airways were avoided as far as possible. The deeper 
samples were situated at a distance of about 3-8 mm from the 
tumour-lung interface; the actual centers of the tumours (aver- 
age diameter 4 cm) were often necrotic and therefore unsuitable 
for ultrastructural study. To obtain samples from peribronchial 
tumour tissue, 7 bronchial biopsies were also collected, and pro- 
cessed in toto. Apart from the presence of bronchial tissue, 
the histology of these biopsies corresponded to that of the 
deeper areas of the resected tumours. Electron microscopic 
study of the bronchial biopsies was restricted to areas in which 
the tumour tissue was in contact with lung parenchyma rather 
than with peribronchial connective tissue. 

In a few cases, samples from resected carcinomas were 
treated with cuprolinic blue for the demonstration of proteogly- 
cans (Scott 1980; Van Kuppeveld et al. 1984). 

Results 

On superficial examinat ion,  the deeper  parts  o f  the 
tumours  conta ined only a few organized structures. 
The tissue consisted o f  an extensive, i rregular  
s t roma in which equally irregular groups  and 
strands o f  closely packed  cells were growing 
(Fig. l a). In these characteristics it differed 
strongly f rom the peripheral  t umour  tissue de- 
scribed previously.  

Tumour cells and tumour-stroma interface 

The groups o f  turnout  cells dispersed in the s t roma 
ranged f rom large sheets and nodules to thin, irreg- 
ular strands and small aggregates, apparent ly  iso- 
lated f rom the larger masses. The t umour  cells were 
in terconnected by desmosomes  which seemed to 
be no less abundan t  in the small s trands than  in 
the larger nodules.  There  was no consistent  mor -  

phological  difference between the t u m o u r  cells in 
the deeper  t u m o u r  areas and those in the per iphery  
described previously. 

In over  ha l f  o f  the turnouts  an almost  cont inu-  
ous BL was present  a round  all t u m o u r  cell groups 
studied, even when they were small and seemed 
to grow freely in the stroma. In contras t  with the 
si tuation in the periphery,  the BL usually had  a 
well demarca ted  lamina lucida and lamina densa 
(Fig. 1 b). The t u m o u r  cells were connected  to the 
BL by numerous  hemidesmosomes.  Except  for  
some areas o f  mult i layering and small t u m o r  cell 
prot rus ions  which occasionally breached it, the BL 
had few irregularities. In the remaining tumours ,  
parts  o f  the t u m o u r  cell groups  studied were direct- 
ly exposed to the s t roma wi thout  an intervening 
BL. The p ropor t ion  o f  the t u m o r  cell surface de- 
void o f  BL varied f rom case to case, but  in a lmost  
none  was it completely absent.  When  the BL had 
discontinuities, these were by no means restricted 
to the smallest and most  i rregular  t u m o u r  cell 
strands but  were also observed in large nodules 
(Fig. 2). When  a BL was discontinuous,  it was 
mainly present  in the fo rm of  short  stretches lining 
recessions of  the t u m o u r  cell surface and connected  
to it by hemidesmosomes.  The free t umour  cell 
surface, however,  was usually irregular  with many  
prot rus ions  (Fig. 2b). A detailed analysis of  the 
prevalence o f  the BL in these tumours ,  based on 
immunohis tochemis t ry  and quanti t ive electron mi- 
croscopy,  will be published separately (Haveni th ,  
Dingemans,  Cleutjens, Wagenaa r  and Bosman,  in 
preparat ion) .  

Since most  t u m o u r  cell groups  were embedded  
in an almost  structureless matr ix  (see below), it 
was generally impossible to assess whether  connec-  
tive tissue dest ruct ion had  occurred in the immedi-  
ate vicinity o f  the t u m o u r  cell surface ( M c N u t t  
1976; Hash imo to  et al. 1972; Tar in  1969). Only 
when myof ibroblas ts  were closely adjacent  to the 
turnout  cells was it possible occasionally to detect 
signs o f  local degenerat ion in the fo rm of  swelling 
o f  cell extensions or the fo rmat ion  o f  small myelin- 
like figures. Characterist ically,  such changes were 
not  found  in myof ibroblas ts  that  were located 
slightly far ther  f rom the t umour - s t roma  interface 
(Fig. 2b). 

Non-neoplastic epithelium 

Next  to the t umour  cell groups,  mos t  tumours  con- 
tained groups o f  p u lm o n a ry  epithelial cells (Fig. 3). 
In mos t  cases, these appeared  viable and intact  
(Fig. 3b). They  were always in terconnected by 
junc t iona l  complexes and lined an intercellular lu- 
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Fig. 2a. Part of large, rounded tumour cell nodule with sharply demarcated necrotic center (cf. Dingemans and Mooi 1984; 
1986). b Detail of edge of nodule shown in a. The turnout cell surface is irregular, with numerous small protrusions. Patches 
of BL, most of them associated with hemidesmosomes, aremainly present on deeper surface areas (arrow heads). Stromal myofibro- 
blasts have peripheral myofilaments, fusiform densities and extensive rough endoplasmic reticulum. Slight local degeneration 
is suggested by presence of myelin-like structures and small vesicles as well as swelling of myofibroblast extensions. Note that 
signs of degeneration are restricted to narrow zone at tumour-stroma interface, a x 500 (bar represents 10 microns); b x 10000 
(bar represents 1 micron) 
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Fig. 3a. Light microscopic survey of trapped alveoli (A) and tumour cell strands, lying within extensive stroma, b Detail of 
a, showing part of alveolus with slit-like lumen, e Detail of trapped alveolus, characterized by osmiophilic surfactant bodies 
(upper left). Pleated, redundant alveolar epithelial BL is situated near myofibroblast (MF) which shows signs of vigorous contraction 
in the form of electron-lucent surface blebs (cf. Dingemans and Wagenvoort 1976). a × 350 (bar represents 100 microns); b x 2300 
(bar represents 10 microns); e x 7300 (bar represents 1 micron) 

men (which was often reduced to a na r row  slit, 
undetec table  by  light microscopy) .  The  luminal  cell 
surface had  m a n y  short ,  regular  microvil l i  and  the 
lumen often con ta ined  surfactant- l ike  mater ia l .  
The  cell g roups  therefore  represented de fo rmed  

and col lapsed but  otherwise intact  non-neoplas t ic  
p u l m o n a r y  alveoli t r apped  by the tumour .  The  BL 
sur rounding  such col lapsed alveoli  of ten seemed 
to be too  wide and  had  accumula ted  to fo rm irre- 
gularly pleated aggregates  (Fig. 3 c). 
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Fig. 4a. Light microscopic survey of tumour cell strands with keratinizing foci, lying in extensive stroma. Several lumina are 
present; largest of these, indicated by asterisk, is shown in detail in b. b The lumen (Lu) is lined partially by turnout cells 
(TC) and partially by pneumoeytes (Pn) which share common BL (arrow heads). It contains desquamated, keratinized tumour 
cells, a x 150 (bar represents 100 microns); b x 1900 (bar represents 10 microns) 

Association of tumour cells and non-neoplastic 
epithelium 

Apart from the tumour cell groups and the trapped 
non-neoplastic alveoli described above, most tu- 
mours contained nodules in which tumour cells 

and pulmonary epithelial cells were combined. 
They frequently lined a common lumen, in which 
situation they were connected by junctional com- 
plexes and shared the same BL; such lumina often 
contained desquamated, keratinized neoplastic 
cells (Fig. 4). In other cases, collapsed alveoli were 
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Fig. 5. Tumour cell nodule containing collapsed alveolus lined 
by pneumocytes that are more electron-dense than surrounding 
tumour cells. Pleated aggregates of BL, as illustrated in Fig. 4c, 
were invariably associated with such collapsed alveoli largely 
surrounded by tumour cells, x 250 (bar represents 100 microns) 

deeply embedded in compact tumour cell groups, 
in which situation the pulmonary epithelial cells 
very often exhibited an increased electron density 
(Fig. 5). The BL surrounding tumour nodules 
which contained collapsed alveoli often showed the 
same pleating as the BL around the isolated col- 
lapsed alveoli mentioned above. 

Stroma 

Myofibroblasts were the predominant cell in the 
stroma. They were characterized by peripheral 
sheaths of myofilaments with dense bodies. In ad- 
dition, they had a well developed rough endoplas- 
mic reticulum and Golgi apparatus (Figs. 1 c and 
2b). Normal fibroblasts were not very numerous 
and when present had the same "act ive"  appear- 
ance as the myofibroblasts. Generally there were 
also many plasma cells and capillaries, and vari- 
able numbers of  mast cells, granulocytes, lympho- 
cytes, and macrophages. 

The following extracellular elements could be 
distinguished in the stroma: An electron-lucent 
ground substance which invested all formed struc- 
tures and which constituted the main stromal ele- 
ment in most tumors (Fig. I a, b). A proteoglycan- 
like meshwork was generally discernible within this 

ground substance, the nature of which was con- 
firmed by the application of cuprolinic blue which 
specifically stains proteoglycans (Fig. I c) (Scott 
1980; Van Kuppeveld et al. 1984). There, were also 
haphazardly arranged strands of fibrin, character- 
ized by a periodicity of about 23 nm (Dvorak et al. 
1983); irregular collagen fibers, most of  them thin 
and with a poorly recognizable cross-striation; and 
strands and patches of elastin, recognizable by the 
presence of microfibrils around a homogeneous 
center, and finally aggregates of flocculent material 
of  moderate electron density. In different tumours, 
different elements predominated. Dense collagen, 
consisting of bundles of parallel thick fibers with 
a prominent cross-striated pattern, was usually re- 
stricted to the vicinity of large airways and vessels. 

Discussion 

Like the tumour periphery previously described, 
the deeper tumour areas contained many non-neo- 
plastic pulmonary epithelial cells which were usual- 
ly intact, even when in close contact with the tu- 
mour cells. In the deeper areas this contact often 
resulted in the formation of  junctional complexes, 
the sharing of common BL and lumina, and so 
on. Our results therefore demonstrate that also in 
human material, malignant invasion is not neces- 
sarily associated with destruction of pre-existing 
surrounding cells. However, it was obvious that 
the number of the non-neoplastic epithelial cells 
present in the deeper tumour areas had decreased 
considerably. The mechanism of this decrease may 
be sought in the preferential localization of the 
neoplastic cells between the pre-existing septal ca- 
pillaries and the non-neoplastic cells, which may 
lead to the degeneration of the latter. Such a phe- 
nomenon is suggested by pictures like Fig. 5, where 
a collapsed alveolar structure is embedded in a 
massive tumour cell nodule; the lining pulmonary 
epithelial cells are electron-dense, and therefore 
possibly degenerating. 

In the majority of the tumours, all malignant 
cell groups studied were found to have a complete 
BL. In the large rounded tumour cell nodules, this 
seemed to correspond to the original BL of the 
alveolar epithelium which surrounded all tumour 
cell nodules in the periphery which had filled the 
preexisting alveoli. In the case of  the more irregular 
tumour cell strands with a complete BL, it seemed 
at least in part to be newly formed. This notion 
is supported by our frequent finding of  a complete 
BL around tumour cell groups that had already 
invaded the walls of  pulmonary blood vessels (to 
be published; cf. Pitelka et al. 1980). Also the re- 
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cent immunohistochemical findings of others 
(Gusterson et al. 1984; Carter et al. 1985) demon- 
strate that invasiveness and the presence of a con- 
tinuous BL are by no means mutually exclusive. 

Many authors have argued that a BL is not 
a static but a highly dynamic structure, the pres- 
ence or absence of which in a given situation may 
be of limited significance (Luibel et al. 1960; Er- 
landson and Carstens 1972; Pitelka etal .  1980; 
Parssons et al. 1982; Halter and Glick 1983; Gus- 
terson et al. 1984). This is supported by our obser- 
vations : in some tumours even the thinnest tumour 
cell strands, which seemed to move freely through 
the stroma, had a continuous BL, whereas others 
consisted of larger, rounded, seemingly non-inva- 
sive cell nodules with only scantly BL remnants. 
From the foregoing it is clear that there are two 
answers to the question formulated in the introduc- 
tion, namely, whether the tumour cells in the 
deeper areas leave the confinement of the epithelial 
BL. Firstly, in many tumours, the cells had direct 
contact with the stroma without an intervening BL 
and can therefore be regarded as lying outside the 
epithelial tissue compartment. Secondly, however, 
it should be emphasized that this "escape" from 
the confinement of the BL appears to be a gradual 
process and it is often impossible to determine 
which tumour cells are still within the epithelial 
tissue compartment and which are not. 

Normal lung parenchyma has little connective 
tissue. Thus, the extensive stroma present in paren- 
chymatous areas invaded by the tumours must be 
newly formed. It represents an example of desmo- 
plasia, which is especially prominent in mammary,  
colonic, and prostatic carcinomas, but which may 
occur to some extent in almost any organ (Liotta, 
1982; Madri and Carter 1984; Haemmerli et al. 
1985). It consisted mainly of an electron-lucent ma- 
trix in which a proteoglycan meshwork could usu- 
ally be discerned. In addition, fibrin was often 
present in massive amounts. Both proteoglycans 
and fibrin are common constituents of tumour 
stroma (Iozzo 1985; Dvorak et al. 1983). Myofi- 
broblasts were by far the most frequent cells in 
the stroma. Since the original descriptions of myo- 
fibroblasts in tumour stroma (Tremblay 1979; 
Dvorak etal.  1979; Seemayer etal .  1979), they 
have been found in a great variety of neoplasms. 
Their occurence is reported to be closely linked 
to invasion (Seemayer et al. 1979; Ohtani and Sa- 
sano 1980; 1983), although we found them in tu- 
mours with a complete BL around every cell group 
no less than in those with a discontinuous BL. 
Various contraction phenomena in human carcino- 
mas are attributed to the activity of myofibroblasts 

(Tremblay 1979; Seemayer et al. 1979; 1980). In 
our material, they seemed to be responsible for 
at least part of  the collapse of trapped alveoli. This 
was suggested by the presence of signs of contrac- 
tion (Dingemans and Wagenvoort 1976) in myofi- 
broblasts located in the immediate vicinity of col- 
lapsed alveoli with a pleated BL (Fig. 3). 

The combination of proteoglycans, fibrin, 
myofibroblasts, and ingrowing capillaries occurs 
not only in tumour desmoplasia, but also in granu- 
lation tissue which develops whenever tissue remo- 
delling, fast cell proliferation and cell migration 
are required, such as during wound healing and 
regeneration (Vasiliev 1958; Takeuchi 1976; 
Dvorak et al. 1979; 1981; Seemayer et al. 1980; 
1981 ; Schiirch et al. 1981 ; Thompson et al. 1985). 
The fact that invasive tumour cells grow in a newly 
created environment which shares many features 
with granulation tissue, may have important func- 
tional implications for the process of invasion and 
warrants extensive further study (Dvorak 1986). 
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