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Summary. Human fetal lung obtained from 9 2 6 =  weeks= old embryos were maintained 
in organ culture for 2-5 weeks. The in vitro survival and changes are clearly age dependent. 
The best survival was obtained with lung tissue from the early glandular period. With these 
young embryos tubular dilation was frequent during the 1st week. The relatively short dura- 
tion of culture permitted only a fragmentary study of differentiation of the human lung 
in vitro but, with the exception of tubular dilations, most of the in vitro changes were also 
found during lung differentiation in vivo=monostratifieation of epithelium, bronehiolar 
development, decrease in glycogen, appearance of myelinlike figures, fibroblastie and myo 
blastie transformation of mesenehymal cells. 

Key words: Human fetal lung -- Organ culture -- Light and Electron Microscopy -- Dif- 
ferentiation -- Degeneration. 

The in vi t ro  behavior  of embryon ic  lung has been s tud ied  in the  chick, the  
mouse, the  ra t ,  and  the  guinea  pig  (Alescio, 1961 ; Dameron ,  1961 ; Sorokin,  1961 ; 
Taderera ,  1967; Adamson  and  Bowden,  1975; Noaek  et  M., 1970; Resn ick  et  M., 
1974). F r o m  these  qu ick ly  ma tu r ing  embryos ,  var ious  processes of d i f fe rent ia t ion  
have  been s tud ied  in vi t ro  by  organ cul ture  (morphologic deve lopment ,  mesen- 
chymM-epi thel iM in terac t ions ,  etc.), bu t  in v i t ro  embryon ic  lung does no t  reach 
i ts  full  size and  the  a lveolar  per iod  is r a re ly  obta ined ,  poss ibly  due to deficiencies 
in hormona l  regula t ion ,  vascular iza t ion ,  and  mechanica l  expansion.  

There  are compa ra t i ve ly  few observa t ions  on h u m a n  embryon ic  lung culture.  
The du ra t ion  of cul ture  is ve ry  shor t  compared  to the  du ra t ion  of ges ta t ion  and  
d a t a  on in vi t ro  d i f fe ren t ia t ion  are therefore  f r a g m e n t a r y  (Chesterman and  
Franks ,  1960; Glueksmann,  1964), or are concerned with  t o x i c i t y  s tudies  in the  
neona ta l  per iod  (Boat  e t  al., 1973). 

We  have  a t t e m p t e d  to overcome these diff icult ies b y  ma in t a in ing  in organ 
cul ture  for 2-5  weeks  h u m a n  fetal  lung ob ta ined  from embryos  of 9-26 weeks 
gestat ion,  thus  covering the  three  per iods  of h u m a n  fe ta l  lung deve lopment .  

Material and Methods 
Lung tissue was obtained from 31 human embryos 9-26 weeks old (Table 1) procured by 

therapeutic abortion. The gestationM age was evaluated by comparing the crown-rump 
length with Patten's table (1968). 

The culture technique was as described previously (Rousseau et al., 1974), using "Falcon" 
plastic organ culture dishes and disks of "Millipore" filter supports. Cultures were grown at 
37 ~ C in Eagle's medium (Inst. Pasteur, Paris) supplemented with 10% deeomplemented calf 
serum and antibiotics (penicillin 200 B/ml, streptomycin 0.1 mg/ml), and in the presence of 
air containing 5 % CO 2 inside Lwoff boxes. The culture was maintained for 2-5 weeks. 
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Table 1, Crown-rump length and gestational age 

No. Crown-rump Gestational Electron In vitro 
length age micro- survival 
(mm) (week) scopy 

1 40 9 Average 
2 45 9-10 + Good 
3-4-5 50 10 § Good 
6 55 10 -~ Good 
7 58 10-11 Necrotic 
8-9 65 11 Good 

10 70 11 12 Good 
11 80 12 Necrotic 
12 85 12-13 Average 
13-14 90 13 -~ Good 
15 95 13 Average 
16 100 14 Good 
17-18 110 14 Average 
19 130 16 Average 
20-21 150 17 Average 
22-23 155 17-18 Average 
24 160 18 Average 
25 170 19 Average 
26 200 22 Good 
27-28 210 22 Average 
29 214 23 Necrotic 
30-31 250 26 Good 

Samples were examined weekly by light microscopy. Explants were fixed for 3 h in alco- 
holic Bouin's fluid and embedded in paraffin; 5 ~xm sections were stained with hematoxylin 
eosin or with periodic acid sehiff (PAS). 

Electron microscopy was performed on three embryos aged 9i/2-13 weeks of gestation 
(the early glandular period). Samples were examined weekly until the 3rd week in vitro. 

The 2 h fixation in 1.7 % glutaraldehyde in 0.1 M eacodylate buffer at pII 7.3 was followed 
by at least three rinses in buffer and by a 30' postfixation in 1% Osmium tetroxide; all 
processing being carried out at 4 ~ C. Specimens were dehydrated and embedded in Epon. 

The 1 ~thick sections were stained by toluidine blue. Thin sections were contrasted by 
uranyl acetate in alcoholic solution and lead citrate. Glycogen was demonstrated by the 
I)atag reaction (Thiery, 1967). Sections were examined in a Siemens 101 Elmiskop. 

Results 

Light Microscopy 

The three periods (glandular, canalicular,  alveolar) described by  Loosli and 
Pot ter  (1951) as covering h u m a n  embryonic lung development  were present  in 
our material .  

1. Glandular Period (20-130 ram). (a) I n  the early g landula r  period (20-70 ram) 
mesenchyma was predominant  surrounding scattered pseudostrat i i ied epithelial 
tubules sometimes l imited by  a th in  basal membrane.  A few capillaries were also 
present. The mesenchyma was slightly PAS-posit ive while epithelial  structures 
showed a very strong reaction. 
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Fig. 1. Early glandular period (50 mm). Lung explant after 8 days in vitro. Tubular dilation 
is important but not all tubules are affected ( • 100) 

From the 4th day of culture some tubules appeared dilated (Fig. 1) and the 
epithelial pseudostratification became simpler. In  particular, the thickness of 
cells lining the dilated tubules was reduced to the size of the nucleus. The amount 
of interstitial tissue decreased. Mitoses could be seen in both interstitium and 
epithelium. 

Necrosis of eapillaries was observed around the 7th day and red blood cells 
were no longer clearly seen. In  rare cases an eosinophilie substance was noted in 
the lumen of slightly dilated tubules around the 14th day. Sometimes the epithe- 
lium showed folds, possibly due to cell proliferation of denoting bronchial differen- 
tiation (Fig. 2). 

Limited additional changes were noted up to the 26th day, but tubular dilation 
sometimes progressed to rupture of tubules. The tubular epithelium was generally 
simple (nonstratified) and an encapsulation of the explant was often noted. 

The PAS reaction was always positive but became less intense with time, 
except for the basal membranes,  where it was stronger. 

(b) Later, in the glandular period (70-130 ram), an increased number of 
capillaries was noted. The mesenchymal cell population was denser close to the 
tubules and frequent contacts were observed between capillaries and epithelium. 

In  culture the tubules were clearly delineated and the process of tubular 
dilation was still evident. The tubular epithelium was of the simple nonstratified 
variety (Fig. 3). During the 1st week of culture, slight fibrosis was noted and in 
the 3rd week some tubules were filled with an eosinophilie substance mixed 
with debris. 
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Fig. 2. Early glandular period (50 ram). Lung explant after 18 days in vitro. Folds are seen 
in some tubular epithelium ( • 400) 

Fig. 3. Glandular period (90 ram). Lung explant after 4 days in vitro. Epithelium is of the 
simple and stratified variety ( • 100) 
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Fig. 4. Canalicular period (210 mm). Lung explant after 8 days in vitro. Necrotic cell clusters 
are seen in some tubules. Mesenchyma becomes fibrous and necrotic ( • 250) 

The PAS reaction was slightly less intense than  before and the tubules were 
not  equally well stained. As culture progressed, the reaction became more positive 
in epithelium of the dilated tubules. 

2. Canalicular Period (150-210 ram). Before culture, capillaries were in close 
contact  with the cuboidal epithelium. Two kinds of tubules could then be distin- 
guished. Some had a eiliated columnar epithelium, others a defined euboida] one 
with an irregularly shaped lumen. 

The bronchiolar structures sometimes have a clearly ciliated epithelium. The 
interst i t ium was reduced. There was a slight PAS reaction localized only on tubu- 
lar membranes.  

As culture progressed, the mesenchyma became fibrous, especially around 
some capillaries. About  the 7th day  some tubules were filled with necrotic cell 
clusters (]J'ig. 4). I n  one case dilation was noted. The two kinds of tubules remained 
distinct th roughout  culture. Only the tubular  epithelium was still proliferating 
and showed mitotic act ivi ty  until  the 35th day. 

During culture, a s trongly positive PAS reaction persisted on tubular  base- 
ment  membranes.  

3. Alveolar Period (214-250 ram). Capillaries were very  numerous and inti- 
mate ly  associated to prealveolar structures. Ciliated bronchiolar tubules were 
clearly seen. 

During culture fibrosis occurred around some capillaries. Necrotic blood cells, 
maerophages, and epithelial cells were found in the tubular  lumens amidst  PAS- 
positive material (Fig. 5). 
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Fig. 5. Alveolar period (250 mm). Lung explant after 11 days in vitro. Ciliated bronchiolar 
tubules are clearly seen. That eiliated epithelium is continuated with preMveolar epithelium 

(PA). Note fibrosis of a capillary (arrow: --->) (• 250) 

Sometimes a very slight tubular dilation was noted, but not comparable to 
tha t  observed earlier. Only one ease (250 ram) showed a good survival until the 
4th week. 

Electron Microscopy 
Electron microscopic observations were limited to the early glandular period. 
Day 0, from a 91/2 Week-Old-Fetus. In  1 ~ =  thick sections, stratified tubules 

with a narrow lumen were seen in a vascularized stroma. The interstitial tissue 
consisted of a mixed population of cells more numerous in the vicinity of the 
tubules. 

The superficial epithelial cells of the tubules exhibiting short mierovilli are 
separated from each other by large intercellular spaces. At the luminal pole, the 
cells were held by a junctional complex of a superficial tight junction and by 
series of gap junctions (Fig. 6). The cells had a large ovoid interphasie nucleus, 
with a large nueleolus in the shape of a coiled skein. Dispersed chromatin was 
regularly scattered in the nucleoplasm with a few clumps of condensed ehromatin, 
the latter more concentrated along the nuclear envelope. 

Extensive areas of the cytoplasm were occupied by particulate material, 
shown by the PATAG reaction to be glycogen, leaving little room for organellcs 
(Fig. 7). Centriolar structures were seen in a very apical position. Supranuelear 
mitoehondria, showed regular eristae. The Golgi apparatus was apical and well 
developed, the rough endoplasmie reticulum (1%EI%) scanty and lysosomes few in 
number. Near the basal plasma membrane, the cytoplasm had a denser aspect 
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due to an accumulation of fibrillar material arranged parallel to the basal plasma 
membrane. The latter exhibited thiekenings opposite corresponding densities of 
the basal lamina to which were attached strands of fibrous material. Apart from 
fibroblasts and associated collagen near the basal lamina, interstitial cells were 
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Fig. 7. Early glandular period (67 mm). Glycogen occupying much of the cytoplasm is shown 
by PATAG reaction (• 11,500) 

scattered in a ground substance sparse in structured collagen fibers. The inter- 
stitial cells appeared rather undifferentiated with a large nucleus and dispersed 
chromatin, similar to the nuclei of epithelial cells. Capillaries did not show any 
unusual features. 

Second Day, from 10-Week-Old-Fetus. Tubules lined by a simple or stratified 
epithelium had lumen and stood out in a loose interstitial tissue. Epithelial 
intercellular spaces were wider but focal gap junctions were still clearly noticeable. 
Microvilli appeared fewer. In the nucleus the dispersed ehromatin showed a 
marked change in its pattern, becoming diffuse and more evenly distributed 
throughout the nuclear sap ; while the condensed chromatin was no longer evident. 
The nucleolus retained its skeinlike structure. Glycogen was as abundant as at 
day 0 and mitochondria were grouped either at the base or at the apex of the 
cell. 

Among the epithelial cells, one with secretory characteristics was noted 
(Fig. 8). I t  was situated on the basal lamina, sometimes protruding into the 
interstitial tissue below and did not extend to the lumen. The cytoplasm con- 
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tained a large number of r ibosomes and organelles among which were numerous 
small  circular vesicles  (120 n m  in diameter)  or oval ones (220 nm in length) 
surrounded by a single l imit ing membrane,  and rather more concentrated in the 
basal part of the cell. They  were somet imes  e m p t y  or contained an electron 
opaque core of varying density .  
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Fig. 9. Early glandular period. In culture 7 days. Part of an epithelial cell exhibiting short 
microviUi with its glycocMyx. A myelin figure and a well-developed golgi apparatus are seen 

in cytoplasm ( • 17,500) 

The interstitial cells had a high nuelear-eyt, oplasmie ratio and presented a 
dendritic appearance. Some had a dilated R E R  of fibroblastie type, others had 
microfibrils 5.3 nm thick and pinocytotie vesicles 140 nm in diameter,  reminiscent 
of those of myoblasts .  

A diffuse and loose mesh of fine interstitial fibers was at tached,  sometimes 
slantwise to the basal lamina of the epithelial structures. 

6th and 7th Days, from 91/2 to 13-Week-Old Fetuses. The tubular  epithelium 
became mono or bilayered in a less vaseularized stroma. Mitoses were observed in 
both epithelial and connective tissues. 

The epithelial intercellular spaces were less obvious but  gap junctions and 
desmosomes remained unehanges. I n  nondividing cells, the nucleoli underwent  
no change. Microvilli were perhaps longer, exhibiting a fine glyeocalyx (Fig. 9). 

Due to a decrease in glycogen reserves, mitochondria  were more spread 
through the cytoplasm, I~ER was more prominent  and microtubules and free 
ribosomes were visible. Membrane-bound glycogen pockets were sometimes 
capped by  an electron-dense material.  Myelin f igurelike structures and auto- 
phagosomes were more numerous and larger than  in the earlier stages. 
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Interstit ial  cells were more uniformily spread in the stroma. The fibroblastlike 
cells also had a better  developed R E R  and their nuclei resembled those on day 0; 
their cytoplasm contained lipid droplets and lysosomes. 

lOth Day, from 91/2-Week-Old Fetus. Branching tubules with a very wide 
lumen were seen in a looser interstitial tissue where blood vessels were no longer 
evident. 

There were two types of tubules: some had regularly arranged cuboidal cells 
with a high nuclear cytoplasmic ratio (Fig. 10). Their nuclei were basal, sometimes 
indented. Their lateral plasma membranes were straight and parallel to each 
other, except at both poles where they interdigitated. At the apical pole, the 
cells were held by a tight junction and a desmosome. On the straight part  of the 
lateral membranes, only occasional thickenings of the membrane were seen. 

The other type of tubule had a less orderly s tructme with marked swelling of 
the intercellular spaces (Fig. 11). The superficial ceils were held by a tight junc- 
tion and a desmosome near the lumen and by a few desmosomes on their lateral 
membranes which were more interdigitated. On the whole, these cells had a 
lower nuclear cytoplasmic ratio. In  the nucleus the chromatin was adjacent to 
the nuclear envelope while the nucleolus retained its structure. The number and 
localization of organelles and cytoplasmic inclusions remained identical to those 
of 6th and 7th days. As was found in the earlier stages, a matt ing of irregularly 
thick microfibrils adhered to the basal plasma membrane. 

Below the regular tubules with cuboidal cells were found interstitial cells with 
a cytoplasm rich in microfibrils and pinocytotie vesicles resembling typical 
leiomyoblasts. 

15 and 17 Days, from a 91/2 and 13-Week-Old Fetus. Both kinds of tubules 
were seen in a quite cellular but avascular interstitial tissue. 

The irregularly structured tubules had a similar architecture to that  of the 
10th day and showed no further changes. Glycogen was scanty and mostly basal. 

Occasional lipid droplets occurred in the cytoplasm. Bodies resembling auto- 
phagosomes, more numerous at this late stage, were seen in both kinds of tubules. 
The regular tubules exhibited increased differentiation. But ciliated and secretory 
cells were present, the latter usually with apically positioned nuclei. The cells 
in the interstitium showed a definite fibroblastic and myoblastic appearance. 

Discussion 
The appearance of the lung in culture natural ly varied in relation to the 

embryonic development period. The best survival was obtained with lung tissue 
from the early glandular period. During that  period vascularization was not well 
developed. The increase in the number of capillaries which occurs during lung 
development appeared to be a nonfavorable factor for the in vitro survival. Red 
blood cells died and disappeared after the first few days in vitro. Endothelial 
cells persisted longer but the general aspect of the culture was modified. 

Epithelial survival was always excellent in organ culture, as is the case with 
embryonic kidneys and nephroblastoma (Rousseau et al., 1974). Cellular cohesion 
by tight junctions perhaps preserved metabolic exchanges (Loewenstcin, 1973) 

3 Virchows Arch. A Path, Anat. and Itistol. 
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and ensured a mechanical protection against the unusual nutritive and gaseous 
circumstances. During culture, mitoses were numerous and the cellular features 
remained unchanged except for folds or dilatation. 

Tubular dilation was more frequent during the 1st week of culture and mostly 
in embryos less than 150 mm (glandular period). With embryonic rat  lungs in 
culture, Noack et al. (1970) observed the same process of dilation but chiefly in 
the portion of the explants in contact with air. For these authors this tubular 
expansion was related to a necrotic process which does not correspond to our 
observations. Resnick et al. (1974) observed dilation phenomena with cultures of 
embryonic rat  lung in the presence of a,n excess of oxygen. Some of their control 
cultures in air showed, after 48 h, some "di la ted bulbous, terminal bronchiolar 
buds"  besides deficient bronchiolar development. They explained these changes 
as a reaction against oxygen toxicity of embryonic lung accustomed to a relative 
hypoxia in utero. These authors also demonstrated an identical toxic action of 
oxygen on embryonic ra t  kidney cultures. The same dilation process has been 
observed with embryonic human kidney (3-4 months old) and nephroblastoma 
culture in the presence of air (Rousseau et al., 1974). With embryonic rat  kidney 
in organ culture, Monie and Morgan (1975) showed that  a tendency to cyst 
formation could be correlated with a deficiency in kidney maturat ion or to a 
secretory action of the tubules. The dilations obtained in our culture of human 
lung from the early embryonic period were more marked than in the above 
observations. The process of dilation was perhaps related to the slight over- 
pressure of the gas mixture which occurs when the cultures are enclosed in a 
Lwoff-box at 20 ~ C and incubated at 37 ~ C (A P-= 5 % ). The fact that  earlier embry- 
onic periods were more affected than later ones may  be explained by the greater 
plasticity of immature tissues. 

At the nltrastructural level, the most significant changes observed during 
culture also concerned the epithelial structures. Besides the dilation of tubules 
noted above, electron microscopy showed the appearance of two different types 
of tubules during the second week of culture from 91/2 - and 13-week-old embryos: 
irregular tubules with loosely attached cells and regular ones with cuboidal cells. 

In  the regularly arranged tubules, the presence of secretory and ciliated cells, 
the cuboidal shape oi the majori ty of cells with basal nuclei, and the presence of 
smooth muscle below the tubules, all indicated the beginning of bronchiolar 
structures, previously described by Campiehe et al. (1963) and Cutz et al. (1972, 
1974). The lat ter  found Kultzchitsky type cells with secretory vesicles as early 
as the 8th week. Huge (1971) mentioned groups of several types of endocrine 
cells in 10-11-week-old fetuses, but reported an isolated endocrine cell only in 
the smallest bronchi of the youngest fetuses (Huge, 1973). Our present findings of 
secretory cells in bronchiolar structures correspond to all these descriptions. 
According to Reid (1967), cilia appear between the 10th and the 13th week, 
which is the age span of our material.  

As is well known, the developing lung consists of two easily recognizable parts:  
the bronchial and the alveolar. Having assumed that  regular tubules were 
bronehiolar, we deduced that  the irregular ones, were the precursors of alveolar 
structures. 
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Among the intraeellular changes of the epithelial cells was the marked decrease 
in glycogen content. In vivo, glycogen is abundant, increasing until the l l t h  
week and then slowly decreasing during further maturation (tIage, 1973). The 
necessity of glycogen for the development of bronchial branching has been est- 
ablished in vitro by Sorokin (1961), while Me Dougall and Smith (1975) have 
suggested that  glycogen is used by the cell for anaerobic glycolysis before mito- 
chondria initiate aerobic metabolism. But it must be remembered that  our 
material coming from relatively anaerobic conditions in utero was exposed to 
air in vitro. 

Myelin figures became more numerous with time in vitro. These bodies are 
well known in organ culture (Rousseau et al., 1974) and are a sign of metabolic 
difficulty in cells. They might be interpreted, in the present tissue, as a step 
toward differentiation into the lamellar inclusions of granular pneumocytes. To 
support this would require testing the culture medium for traces of surfaetant. 
Gluck (1972) has shown that  surfactant is not detectable before the 22nd week 
and although true maturation has been obtained by Adamson et al. (1975) in 
culture explants of fetal mouse lung exposed to prednisolone at the 18th day, it 
is likely that  in our material the myelin figures represent degeneration phenomena. 

The presence of necrotic cells (blood elements, macrophages, epithelial cells), 
inside the tubular lumens in the oldest embryonic stages, might be related to the 
fragility of the numerous capillaries noted during these experiments and which 
is enhanced by oxygen (Resnick et al., 1974). 

Eosinophilie or PAS-positive material was seen in vitro in the lumen of the 
tubules of oldest embryonic stage; the nature of this substance is unknown. A 
previous report has shown abnormal type I I  pneumocyte secretion in organ 
culture of mature lung (Basset et ah, 1974). 

In the glandular period the interstitial cells increased slightly in number, and 
acquired quite early during culture the more differentiated characters of fibro- 
blasts as seen in electron microscopy. After 10 days in culture, cells with the 
characteristics of leiomyoblasts were also seen, particularly about the regular 
tubules. Collet et al. (1975) attribute both cells to a single origin, the primitive 
mesenehymal cell, which, according to its environment, would differentiate into 
fibroblasts near would-be alveolar territories and into myoblasts under bronchial 
epithelium. Our findings support this hypothesis. 

The in vitro transformation of mesenchymal cells into fibroblastic cells has 
been noted by others (Aleseio, 1961; Resnick et M., 1974). In vivo excessive 
fibroblastic proliferation in the alveolar septa occurs with various harmful agents, 
in particular oxygen (Anderson et al., 1973; Resniek et M., 1974). 

In conclusion, an excellent in vitro survival, confirmed by electron microscopy, 
has been observed, particularly in the epithelial component of developing embry- 
onic lung. The relatively short duration of culture permits only a fragmentary 
study of differentiation of the human lung in vitro but, with the exception of 
tubular dilations, most of the in vitro changes are also found during lung differen- 
tiation in vivo~monostrat if ieat ion of epithelium, bronehiolar development, 
decrease in glycogen, appearance of myelinlike figures, fibroblastic and myo- 
blastie transformation of mesenchymM cells. The in vitro survival and changes 
are clearly age dependent. 



320 M.F .  Rousseau-Merck et al. 

The authors are indebted to Drs. M. and E. Papiernik who kindly provided the fetal 
material for this study, and equally to Drs. B. Corrin and C. K. Pyne for their helpful advice 
during the preparation of the manuscript. The authors also wish to thank Mrs. It .  Mouly and 
Mrs. M. Griin for their technical assistance and Mr. J.  J.  Prat  for photographs. 

This study was supported by INSEP~M (U77 and Us2). 

References 
Adamson, I. Y. R., Bowden, D. M. : Reaction of cultured adult and fetal lung to prednisolone 

and thyroxine. Arch. Path. 99, 80 (1975) 
Alescio, T. : Sul comportamento del polmone embrionale di pollo eoltivato in vitro. Z. Zell- 

forsch. 55, 123 142 (1961) 
Anderson, W. 1~., Strickland, M. B., Tsai, S. H., ttaglin, J. J.  : Light microscopic and ultra- 

structural study of the adverse effects of oxygen therapy on the neonate lung. Amer. 
J. Path. 73, 327-339 (1973) 

Basset, F., Soler, P., Turiaf, J.  : Etude ultrastrueturale du eontenu alv@olaire duns la prot&- 
inose alv@olaire pulmonaire et duns les pseudo-prot6inoses. Ann. Med. intern. 124, 
279-290 (1973) 

Boat, T. F., Kleinerman, J.  I., Fanaroff, A. A., Mathews, L. W. : Toxic effects of oxygen on 
cultured human neonatal respiratory epithelium. Pediat. Res. 7, 60%619 (1973) 

Campiche, M. A., Gautier, A., tternandez, E. I., Reymon, A. : An electron microscope study 
of the fetal development of human lung. Pediatrics 82, 976-994 (1963) 

Chesterman, F. C., Franks, L. M.: Iteterotransplantation and organ culture of human em- 
bryonic lung. J .  Path. Butt. 79, 123-129 (1960) 

Collet, A. J. ,  Des Biens, G. : Fine structure of myogenesis and elastogenesis in the developing 
rat lung. Anat. P~ec. 179, 343-349 (1974) 

Collet, A. J. ,  Des Biens, G. : Evolution of mesenchymal cells in fetal rat lung. Anat. Embryol. 
147, 273-292 (1975) 

Cutz, E., Chan, W., Wong, V., Conen, P. : Endocrine cells in rat fetal lung. Ultrastruetural 
and histochemical study. Lab. Invest. 110, 458-464 (1974) 

Cutz, E., Cohen, P. E.: Endocrine like cells in human fetal lung. An electron microscope 
study. Anat. Rec. 178, I, 115-122 (1972) 

Dameron, F1. : Etude de la morphog&n~se de la bronche de l 'embryon de pouter associ@e s 
diff6rents m6senchymes en culture in vitro. C. 1%. Acad. Sci. (Paris) 262, 1642-1645 (1961) 

Gluck, L.: Surfactant. Pediat. Clin. N. Amer. 19, 325 (1972) 
Glucksmann, A.: Mitosis and degeneration in the morphogenesis of the human fetal lung 

in vitro. Z. Zellforsch. 64, 101 (1964) 
Huge, E. : Endocrine cells in the bronchial mucosa of human fetuses. Acta path. microbiol. 

scan& A 79, 307-308 (1971) 
Huge, E. : Electron microscopy identification of several types of endocrine cells in the bronchial 

epithelium of human fetuses. Z. Zellforsch. 141, 401-412 (1973) 
Hate,  E. : The morphological development of the pulmonary epithelium of human fetuses 

studied by light and electron microscopy. Z. Anat. Entwickl.-Gesch. 140, 271-279 (1973) 
Loewenstein, W. R. : Membrane junctions in growth and differentiation. Fed. Proc. 112, 60-64 

(1973) 
Loosli, C. G., Potter, E. L.: The prenatal development of the human lung. Anat. Rec. 1@9, 

320-321 (1951) 
Me DougM1, J. ,  Smith, J.  F. : The development of the human type I I  pneumocyte. J.  Path. 

Baet. l l ~  245 (1975) 
Monie I. W., Morgan J.  1%. : Cysts in cultured fetal rat kidneys. Teratology 11, 143-167 (1975) 
Noack, W., Zimmermann, B., Merker, It .  J.  : Electronenmikroskopische Untersuchungen an 

embryonalen t~attenlungen (Tag 15) in der Gewebskultur. Z. Anat. Entwickl.-Gesch. 182, 
325-328 (1970) 

Patten, B. M. : Human embryology, 3rd ed. New York: Mc Graw Hill Book Co. 1968 
lgeid, L. : Development of the lung--CIBA ]rundation Symposimn 1967. The embryology of 

the lung, p. 109-130 



In vitro Behavior of Human Fetal Lung 321 

Resnick, J. S., Brown, D. M., Vernier, R. L. : Oxygen toxicity in fetal organ culture. I--The 
developing kidney. Lab. Invest. 28, 437 (1973) 

Resnick, J. S., Brown, D. M., Vernier, R. L. : Oxygen toxicity in fetal organ culture. I I--The 
developing lung. Lab. Invest. 81, 665-677 (1974) 

Rousseau, M. F., Nabarra, B., Nezelof, C.: Behaviour of Wilms tumour and normal meta- 
nephros in organ culture. Europ. J. Cancer, 16, 461-466 (1974) 

Sampaolo, G., Sampaolo, L.: Observations histologiques sur le poumon de foetus de cobaye, 
eultiv6 in vitro. C. R. Ass. Anat. 45, 707-714 (1959) 

Sorokin, S. : A study of development in organ culture of mammalian lungs. Develop. Biol. 3, 
60-83 (1961) 

Taderera, J. V. : Control of lung differentiation in vitro. Develop. Biol. 16, 489-512 (1967) 
Thiery, J. P. : Mise en ~vidence des polysaccharides sur coupe fine en microscopie ~lectronique. 

J. Microscopie 6, 987-1018 (1967) 

M. F. Rousseau-Merck 
Groupe de Pathologie P~diatrique 
INSERM U77 
HSpital Necker Enfants MMades 
149, rue de S~vres 
F-75730 Paris Cedex 15 
France 


