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Abstract-A non-polar arotinoid, Ro 15-0778, has been investigatedfor its effect on carcinogen- 
induced changes in rodent respiratory epithelia in organ culture. In neonatal rat tracheas and 
fetal mouse lungs grown in vitro, 3,4-ben@yrene and cigarette smoke condensate induce an 
increased proliferation of epithclial cells associated with a loss of secretory activity and of ciliary 
function. These changes persist in the absence of carcinogens in explants transferred to control 
medium. Ro 15-0778 alone has no in&rue on the normal epithelial growth rate or normal 
d@mentiation. However, if combined with either bewpyrene or smoke condensate, the arotinoid 
antagonizes the carcinogen-induced hyperplasia and metaplaria. During simultaneous treatment, 
it prcvcnts the increase in mitosis and the loss of secretov activia or ciliary function. In 
explants pretreatid with ben.$yrene or cigarette smoke condensate, Ro 15-0778 reverses the high 
proliferation rate and restores secretory dtxerentiation and ciliary function. The compound is of 
experimental and clinical interest, since-in contrast to most retinaids-it lacks the signs and 
ymptoms of the classical hypervitaminosis A syndrome. It may be just$ed to consider it for the 
treatment of early precancerous changes of the bronchial tree. 

INTRODUCTION 
IT IS well established that, in addition to its physio- 
logical functions, vitamin A also possesses anticar- 
cinogenic properties. This was first shown in mouse 
prostate glands in organ culture in which retinol 
counteracted the effects of the carcinogenic hydro- 
carbon methylcholanthrene [ 1, 21. Several authors 
demonstrated in vivo a preventive effect of vitamin 
A (= retinol) and its metabolite vitamin A acid 
(= all-truer-retinoic acid) on chemically induced 
precancerous and cancerous conditions of various 
organs [3-71. The clinical use of retinol, its esters 
and all-truns-retinoic acid is limited by their toxicity 
at pharmacologically active doses. In order to find 
compounds combining the highest possible activity 
with the lowest possible side effects, a great number 
of structural analogs have been synthesized [8-l I]. 
Some of these retinoids showed indeed a more 
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favorable ratio between eficacy and toxicity, such as 
13-cis-retinoic acid, aromatic retinoids-etretinate 
and etretin, for example, a series of arotinoids and 
fenretinid. Etretinate proved to be a potent com- 
pound in preventing and reversing the effects of 
3,4-benzpyrene and cigarette smoke condensate in 
respiratory tissues grown in vitro [ 121. Furthermore, 
these retinoids display in vivo a preventive or even a 
therapeutic effect on chemically induced tumors in 
animals [ 13-201. 

However, these compounds still produce toxic 
side-effects which may restrict their clinical use. In 
the therapeutic use of retinoids, a certain degree 
of side-effects may be accepted by the patients. 
However, in the field of prevention, the tolerance 
has to be very good to excellent. Recently a non- 
polar arotinoid (Ro 15-0778) was found to exert 
none of the typical signs and symptoms of hypervita- 
minosis A, manifest in skin, mucous membranes, 
bone, cartilage, central nervous system, liver func- 
tion and lipids [9]. In preliminary experiments, 
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this compound inhibited the carcinogen-induced 
hyperplasia of mouse prostate gland and rat trachea 
in organ culture. Furthermore, the development of 
chemically induced rat mammary adenocarcinomas 
was inhibited. The percentage of tumor-bearing 
rats, the mean number of tumors per rat, as well as 
the mean total volume of tumors per rat were dose- 
dependently reduced by Ro 15-0778 [21]. Since 
prevention of lung cancer is one of the major prob- 
lems in clinical oncology, it seemed important to 
investigate in detail the interaction of this non-toxic 
arotinoid with carcinogenic agents, most probably 
responsible for lung cancer, on respiratory epithelia. 
In the present experiments, the influence of Ro 15- 
0778 on the effects of 3,4-benzpyrene and cigarette 
smoke condensate were examined in mouse lungs 
and rat tracheas grown in organ cultures. In this 
system, the tissue components and their anatomical 
relationship and function are preserved in vitro, so 
that the explanted tissue resembles the parent tissue. 
The easy replication of the experiments makes it 
possible to obtain both quantitative and qualitative 
data and in addition the changes induced by car- 
cinogenic agents occur after considerably shorter 
periods of treatment than in animal experiments. 

MATERIALS AND METHODS 

Organ cultures 
The tissues used for the experiments were tra- 

cheas from neonatal rats obtained from a strain of 
hooded Lister rats and 17-18-day fetal mouse lungs 
from a laboratory inbred strain of R mice. They were 
grown in culture by a modified Trowel1 technique 
[22, 231. The tracheas were halved and the lungs 
divided into fragments measuring approx. 
2 X 2 X 4 mm. Four halved tracheas and six to 
eight lung fragments were explanted on strips of 
Millipore filters which were placed on grids of 
stainless steel. The grids rested in small plastic 
culture chambers filled with medium up to the level 
of the rafts. The culture chambers were placed in 
Petri dishes carpeted with moist filter paper to 
provide a humid atmosphere. The medium used 
was Parker’s 199 [24] supplemented with 15% new- 
born calf serum. Before incubation at 37.5X, the 
explants were perfused with a mixture of 5% CO, 
and 95% oxygen for 20 min at a flow rate of 125 ml/ 
min. 

Compounds 
3,4-Benzpyrene (BP) p urchased from Fluka A.G., 

Buchs, Switzerland was added to the medium at a 
concentration of 5 pg/ml. 

Cigarette smoke condensate was kindly provided 
by Professor Schmahl, Deutsches Krebsfor- 
schungszentrum, Heidelberg, F.R.G. A hydrocarb- 
on-enriched neutral fraction prepared from raw 

condensate was used. 100 mg were homogenized 
under sterile conditions in calf serum with a Braun- 
Sonic 300 apparatus. The resulting suspension con- 
tained 10 mg/ml serum. This was added to the 
medium at a final concentration of 130 p,g/ml. 

The arotinoid Ro 15-0778 = 1,2,3,4_tetrahydro- 
1,1,4,4-tetramethyl-6-[ (E)-cr-methylstyryl]naphtha- 
lene (= A), an arotinoid without a polar end group, 
was supplied by F. Hoffmann-La Roche & Co.Ltd., 
Basle, Switzerland. Its synthesis has been described 
[9]. Ro 15-0778 was used at a concentration of 
3 kg/ml ( 10e5 M). 

Experiments and evaluation 
In a first series of experiments, tracheal or fetal 

lung explants were grown for 14 days either with 
3,4-benzpyrene or with cigarette smoke condensate. 
These compounds were either applied alone or 
combined with the arotinoid (simultaneous treat- 
ment) . 

In a second series of experiments, both tissues 
were exposed to 3,4-benzpyrene or cigarette smoke 
condensate for 14 days and then transferred to 
control medium or medium containing the arotinoid 
for a further 4 days (successive treatment), To assess 
the effect of the arotinoid alone, additional sets of 
explants were treated with Ro 15-0778 for 14 days 
or explants kept previously in control medium were 
treated with the arotinoid for 4 days. 

At the end of the culture period, the explants were 
incubated with colcemid, a metaphase arresting 
agent, for 5 hr and then fixed in Bouin’s solution, 
dehydrated, embedded in paraffin, serially sec- 
tioned and stained with haematoxylin-eosin or by 
the Azan substitute method. 

The criteria of effect used were histological 
changes in cellular differentiation and cell prolifer- 
ation. The latter was quantitated and expressed as 
the percentage of epithelial mitoses and its standard 
deviation. 

RESULTS 

Rat trachea 
In neonatal rats, the trachea is lined with one 

row of cuboidal cells which are occasionally ciliated 
and separated from the surrounding rings of carti- 
lage by a thin layer of connective tissue fibers. After 
14 days in control medium, much of the epithelium 
has become columnar due to an enlargement of the 
supranuclear cytoplasmic area, has developed cilia 
and formed a number of mucin producing goblets 
cells. Occasionally, basal cells and mitotic figures 
can be seen underneath the superficial epithelium. 
Treatment with the arotinoid alone does not alter 
this pattern of growth, and the epithelium is indis- 
tinguishable from that of the control explants. 

In contrast, 3,4-benzpyrene profoundly affects 
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Fig. 1. Prevention of ben@yrcne. (BP)- and cigarette smoke condensate 
(&induced mitotic stimulation of tracheal epithelium &y the arotinoid Ro 

15-0778 (A). Co = control medium. 

this basic growth pattern. Most of the superficial 
columnar cells lose their polarity and become flat- 
tened due to a shrinkage of the supranuclear zone. 
The number of goblet cells is greatly reduced and 
most of the cilia are damaged and shed. Cell prolifer- 
ation is increased over that of the controls and many 
mitotic figures appear among the basal cells. The 
superficial cells are shed and replaced by a multilay- 
ered epithelium consisting of small crowded cells. 
Treatment with cigarette smoke condensate induces 
similar changes, but the degree of de-differentiation 
of the cells is less pronounced. Although there is a 
loss of goblet cells and clumping of cilia some of the 
epithelium remains columnar and polarized. In 
explants, pretreated with either benzpyrene or 
smoke condensate and transferred to control 
medium, the changes persist or even progress in the 
absence of the carcinogens. 

Figure 1 shows that after 2 weeks’ treatment with 
either benzpyrene or smoke condensate, the number 
of cell divisions is increased to 6.4 and 4.1 times, 
respectively, the control value. The arotinoid alone 
does not affect the normal mitotic rate significantly, 
but if combined with either benzpyrene or smoke 
condensate, it reduces cell multiplication to near 
control levels. 

In explants pretreated with either 3,4-benzpy- 
rene or smoke condensate and transferred to control 
medium, the rate of cell division amounts to 8.9 
and 8.1 times, respectively, the control value. In 
both sets, administration of the arotinoid for 4 days 
reverses the increase and reduces the rate of mitosis 
to near control values (Fig. 2). 

Fetal mouse lung 
Before explantation, the lungs of 17-18-day 

mouse embryos consist of thin-walled alveoli lined 
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Fig. 2. Reversal of benzpyrene (BP)- and cigarette smoke Condensate (s)- 
induced mitotic stimulation of tracheal epithelium by the arotinoid Ro 15 

0778 (A). Co = control medium. 
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Fig. 3. Prevention of bmtpyrene (BP)- and cigarette smoke condensate 
(S)-induced mitotic stimulation of bronchial epithelium by the arotinvid 

Ro 15-0778 (A). Co = control medium. 

with one row of flattened cells and some primitive 
bronchi lines with cuboidal epithelium, and separ- 
ated from each other and from the alveoli by connec- 
tive tissue fibers. After 14 days growth in control 
medium, a network of branching bronchi has 
developed. They are lined with cuboidal or colum- 
nar secretory cells, which show a small number of 
cell divisions. Treatment with 3,4-benzpyrene or 
cigarette smoke condensate increases mitosis of the 
bronchial cells leading to a multilayered epithelium, 
composed of proliferating basal cells surmounted 
by the original secretory cells. As in the trachea, the 
changes persist after transfer to control medium. 
Addition of the arotinoid inhibits the induction of 
hyperplasia, if combined with the carcinogens; if 
administered following the carcinogens, the arot- 
inoid reverses the hyperplasia. 

The mitotic counts (Fig. 3) show that mitosis is 
increased to over six-fold the control value by both 
benzpyrene and smoke condensate. The arotinoid 
alone does not affect the mitotic rate, but ifcombined 
with benzpyrene or smoke condensate, it reduces it 
to values below those counted in the controls. 
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Fig. 4. Reversal of bmzpyrene (BP)- and cigarette smoke condensate (S)- 
induced m&tic stimulation of bronchial epithelium by the arotinoid Ro 

15-0778 (A). Co= control medium. 

In explants pretreated with either carcinogen 
or smoke condensate and transferred to control 
medium, the rate of cell division amounts to over 
five times the control value. In both sets, adminis- 
tration of the arotinoid for 4 days reverses the 
increase and reduces it to near control levels (Fig. 4). 

DISCUSSION 
In both neonatal rat trachea and fetal mouse lung, 

3,4-benzpyrene and cigarette smoke condensate 
stimulate epithelial cell proliferation and increase 
its mitotic rate. The increase in cell replication is 
followed by a loss of secretory activity, particularly 
in the trachea. The number of goblet cells is reduced 
and the cilia damaged. The superficial secretory 
cells are shed and replaced by a hyperplastic epi- 
thelium consisting of small crowded cells. Similar 
changes have been described for mouse tracheal 
epithelium in vitro [25] for hamster tracheal cultures 
exposed to 3,4-benzpyrene [26, 271 and for benzpy- 

rene and smoke condensate treated human fetal 
lung [28]. Administration of the arotinoid Ro 15- 
0778 modifies these effects profoundly. If combined 
with benzpyrene or smoke condensate, it inhibits 
the increase in cell proliferation and prevents the 
metaplastic changes; if added following exposure to 
the carcinogens, it reverses epithelial hyperplasia 
and restores the secretory activity of the epithelium. 
Similar effects of vitamin A compounds have been 
reported for the same system. In hamster trachea 
grown in organ culture, retinol inhibited or reversed 
benzpyrene-induced hyperplasia and metaplasia 
[26] and in vitamin A-deficient tracheal cultures 
retinoids prevented squamous metaplasia [29]. 
More recent work [ 121 has shown that in rat trachea 
and fetal mouse lung in vitro exposed to benzpyrene 
and smoke condensate administration of etretinate 
inhibited or reversed the carcinogen-induced 
changes to an almost identical degree to the arot- 
inoid Ro 15-0778. 

The effectiveness of the arotinoid in the present 
experiments in vitro and its inhibition of mammary 
carcinogenesis in vivo [21] indicates that the anticar- 
cinogenic properties of retinoids are not necessarily 
linked to their hypervitaminotic activity. 

The arotinoid Ro 15-0778 is, like etretinate, a 
potent inhibitor of the carcinogen-induced early 
changes in both lung and trachea in organ culture. 
The superiority of the arotinoid Ro 15-0778 over 
etretinate lies in the lack of toxic side effects. Since 
it has been demonstrated in clinical trials that 
etretinate is able to induce regression of bronchial 
metaplasia and dysplasia in heavy smokers [30, 3 l] 
and this could implicate a prevention oflung cancer, 
our results suggest that the arotinoid Ro 15-0778 
may be a promising candidate for the therapy 
of early precancerous changes of the respiratory 
tissues. 
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