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Squamous-cell metaplasia of the respiratory epithe- 
lium occurs in the lungs of patients undergoing sur- 
gery for malignant and inflammatory diseases of the 
lungs and in individuals dying from other causes as 
well [10]. Metaplasia of the respiratory epithelium, 
in combination with other alterations specific to res- 
piratory epithelium dysplasia, is most frequently found 
in men with a long history of heavy smoking [6]. 
Smoking is thought to be related to the preferential 
development of central lung cancer of a distinct his- 
tological type, namely, squamous-cell lung cancer 
typical for men [3,7,8]. The mortality from lung 
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cancer in Russia and several other countries is in- 
creasing in parallel with the spread of the smoking 
habit among men and women [1,4]. On the other 
hand, in some countries the level of lung cancer 
morbidity has dropped following a decrease in the 
numbers of men and women smokers [8]. A drop in 
the frequency of squamous-cell dysplasia of the res- 
piratory epithelium in men after quitting smoking has 
been noted in some reports [6]. The relationship 
between smoking, frequency of the development of 
squarnous-cell respiratory epithelium metaplasia, and 
squamous-cell carcinoma of the lungs is consistent 
with the notion that squamous-cell metaplasia of the 
respiratory epithelium is one of the stages of devel- 
opment of squamous-cell lung cancer [5]. One of the 
components of tobacco smoke is benz(a)pyrene (BP), 
and its carcinogenic properties are thought to be con- 
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nected with the development of lung cancer. We were 
interested in probing the possibility of inducing 
squamous-cell metaplasia of the respiratory epithe- 
lium by applying BP directly to the target organ. 
Fetal lung organ cult~es were used as the model in 
this study. The lun~ were taken from mice of the A 
and C57B1/6 strains, which are, respectively, suscep- 
tible and resistant to lung blastomogenesis. 

The goal of this study was to explore the de- 
pendence of the appearance of respiratory epithelium 
squamous-cell metaplasia on the dose of BP and the 
duration of its action on the target organ, as well as 
on the hereditary predisposition of organ donors to 
lung blastomogenesis. 

MATERIALS AND METHODS 

Seventeen-day-old fetuses of A and C57B1/6 mice 
served as lung donors. Organ culture of the lung 
explants was performed as described elsewhere [2]. 
The cultures were exposed to BP in concentrations 
of 3, 6, and 12 gg/ml for the first 14 days, after 
which the explants were maintained for 7 more days 
in the absence of BP. In one series of trials expo- 
sure to BP (6 gg/ml)"lasted 7 days, with subsequent 
maintenance for 10 days without carcinogen. In the 
control experiments the explants were grown without 
carcinogen during the whole time of observation. 
Some cultures treated with BP for 14 days, and some 
control cultures, were incubated with 3H-thymidine, 
1 gCi/ml, one day before the termination of the ex- 
periment. After histological and autoradiographic 
processing, serial sections of explants were stained 
with hematoxylin-eosin and examined under a light 

Fig. 1. Squamous - cell metaplasia and keratinization of bronchial 
epithelium; kera t in  is seen  in the bronchial  lumen.  • 

microscope. The results were statistically evaluated 
using the Z 2 test.. 

RESULTS 

Organotypic growth and differentiation of the respi- 
ratory epithelium, similar to the processes occurring 
in situ, were observed in the control fetal lung 
explants from mice of both strains. At 17-21 days the 
explants consisted of branched bronchial structures 
lined with cubical or columnar epithelium, and al- 
veolus-like cavities formed by cubical or flattened 
epithelium. BP-treated explants from mice of both 
strains exhibited squamous-cell metaplasia of the res- 
piratory epithelium, with or without keratinization. 

TABLE 1. F requency  of B P -  Induced S q u a m o u s -  Cell Metaplasia  of Respiratory Epi the l ium in Fetal Lung Explants  f rom Mice of A 
and  C57B1/6 s t rains  

A 

C57B1/6 

control 

Strain BP dose, 

3 
6 
12 

control 
6 

control 
3 
6 
12 

control 
6 
17 

Duration of 
culturing, 

days 

21 
21 
21 
21 
17 
17 
21 
21 
21 
21 
17 

m 

Duration of 
BP exposure, 

days 

14 
14 
14 

7 

14 
14 
14 

7 
555 

Number of explants 

total 

82 
96 
47 
93 

357 
520 
99 
99 
72 
108 
568 

0 

with metaplasia 

abs. percent 

2 2,4 
10 10,4 
11 23,4 
0 0 
0 0 
0 0 
3 3,0 
2 2,0 
3 4,2 
0 0 
0 0 
0 

P 

>0,1 
<0,05 
<0,01 

>0,1 
>0,1 
>0,1 

Note:  the exper imenta l  values are compared  wi th  the  values of the cor responding  control  group. 
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Fig. 2. Squamous - cell metaplasia and keratinization of bronchial 
epithelium; note intense incorporation of 3H-  thymidine in the 
basal cells. • 

metaplasia development is a function of the dose of 
BP and the duration of exposure of the lung tissue 
to it, which is in agreement with observations regard- 
ing the relationship between the incidence of this 
pathological state in humans and the duration and 
heaviness of smoking [6]. We would stress here that 
in our previous study [11] on organ cultures of fetal 
lungs from mice of the A and C57B1/6 strains sub- 
jected to comparable doses of  BP via the transpla- 
cental route, no cases of squamous-cell metaplasia of 
the respiratory epithelium could be found. This fact 
bears witness that one of the necessary conditions for 
the development of this pathological process is the 
direct action of BP on the target organ, as occurs 
during smoking. Use of explants from mice of strains 
susceptible (A) and resistant (C57B1/6) to lung 

Hyperplastic adenomatous outgrowths of epithelium, 
described earlier, [2,11], could also be seen. Squa- 
mous-cell metaplasia and keratinization of the epithe- 
lium were encountered mostly in the relatively large 
bronchi, the lumens of which contained keratin 
masses (Fig. 1). In addition, the basal epithelial cells 
actively incorporated 3H-thymidine (Fig. 2). Small 
foci of epithelial squamous-cell metaplasia and kera- 
tinization were seen in the areas of hyperplastic 
epithelial proliferation. Usually, they were surrounded 
by atypical basophilic cells with a high nuclear-cyto- 
plasmic ratio (Fig. 3). 

The frequency of squamous-cell metaplasia devel- 
opment was dependent on the mouse strain, BP con- 
centration, and the duration of exposure. For exam- 
pie, following a 14-day exposure (total duration of 
culturing 21 days) squamous-cell metaplasia appeared 
at all carcinogen doses used, though with varying fre- 
quency. However, a statistically significant incidence 
of squamons-cell metaplasia could be registered only 
in the explants from strain A mice and at two doses 
of BP: 6 gg/ml and 12 gg/ml. In these experiments 
a dose-dependent efect of the carcinogen was mani- 
fested (Table 1). Exposure to BP added in an effec- 
tive dose (6 gg/ml) for a shorter period (7 days) 
failed to induce squamous-ceU metaplasia of the res- 
piratory epithelium in any explant of either A or 
C57B1/6 origin. 

Thus, the investigation showed that squamous-cell 
metaplasia of the respiratory epithelium could be in- 
duced in vitro by the direct action of BP in the or- 
gala culture. This corroborates the etiological role of 
tobacco-smoke BP in the development of squamous- 
cell metaplasia of the respiratory epithelium in 
smokers. Use of the organ culture model made it 
possible to prove experimentally that the frequency of 

Fig. 3. Focus of squamous-- cell metaplasia and keratinization of 
epithelium. The focus is surrounded by atypical basophilic cells 
with high nuclear-cytoplasmic ratio. • 

blastomogenesis pinpointed the role of the hereditary 
factor in the development of squamous-ceU metaplasia 
of the respiratory epithelium: a statistically significant 
incidence of its development was recorded only in the 
explants of fetal lungs from mice of the cancer-prone 
A strain (Table 1). 

Thus, we have shown the fundamental possibility 
of inducing squamous-cell metaplasia of the respira- 
tory epithelium in organ cultures. It is thus possible 
to use tissues not only of animal but also of human 
origin as objects of investigation. 
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One of the currently studied aspects of liver regen- 
eration is stimulation of the proliferative processes by 
means of various physical agents. Commonly used for 
this purpose are direct and pulsed currents of rec- 
tangular and exponential form and a low-frequency 
varying magnetic field. However, not  all of these 
agents are sufficiently effective [6-9]. 

In this investigation we studied the effect of  a 
pulsed magnetic field (PMF) with induction of 100 
mT and exponential pulses lasting 1.2-3.5 msec, with 
a frequency of 1-10 Hz, on hepatocyte proliferation 
in the normal and pathologically altered liver as well 
as the mechanisms of  cell division stimulation. In 
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light of the fact that sympathetic nervous system 
transmitters play a significant role in the regulation 
of proliferative processes [1-5,12,14] experiments 
were performed to switch off the autonomic impulses 
by means of chemical desympathization using guane- 
thidine and treatment with the c~- and 13-adreno- 
blockers phentolamine and anapryline. 

MATERIALS AND METHODS 

Proliferative activity of hepatocytes was assessed by 
the value of the mitotic index (MI) in parts per 
1000. The following models were used: regenerating 
liver of normal rats (179), of rats with toxic hepati- 
tis (128), and of  rats with cirrhosis (28) induced by 
70% oil solution of CC14 in a dose of 0.3 ml s.c. 4 
times a week for 3 and 5 months. 
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