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R.W. Tee1 and W. H. J. Douglas 

Department of Physiology and Pharmacology, School of Medicine, Loma Linda University, Loma Linda (CA 92350) and 
Department of Anatomy, Tufts University, Boston (MA 02111, USA), 2 April 1979 

Summary. Type II alveolar lung cells metabolize polycyclic aromatic hydrocarbons as indicated by measurements of aryl 
hydrocarbon hydroxylase activity and binding of tritium labeled benzo(a)pyrene to nuclear and cytoplasmic components. 

Various polycyclic aromatic hydrocarbons (PAH) contami- 
nate the environment and are implicated in the human 
cancer problem. They require metabolic activation through 
at least 2 enzyme systems 2,3. Metabolites may interact with 
cellular macromolecules to induce mutagenesis, carcinoge- 
nesis and toxicity 4. The lung is directly exposed to PAH and 
is thus recognized as a primary target for PAH induced 
carcinogenesis 5. In this study we show evidence for PAH 
metabolism in clonally derived type II alveolar lung cells of 
the rat 6. 
Materials and methods. Type II alveolar pneumonocytes 
(L-2) were maintained in vitro in Ham's modified F12K 
medium supplemented with 10% fetal bovine serum at 
37 ~ in a humidified atmosphere of 5% Co 2 in air. L-2 cells 
at population doubling levels 26 and 27 were grown to 
confluency and fed fresh medium to which either benzo(a)- 
pyrene (BP), 9,10-dimethyl 1,2-benzanthracene or 
3-methylcholanthrene at a final concentration of 2 gg/ml 
was added. After 24 h cells were washed with buffered 
saline and aryl hydrocarbon hydroxylase (AHH) activity 
was determined by fluorometric measurements of water 
soluble metabolites as described 7'8. AHH activity was ex- 
pressed as units/gg DNA where 1 unit was defined as that 
amount of activity producing hydroxylated products equal 
in fluorescence to 1 pmole of 3-h~droxybenzo(a)pyrene 7. 
DNA was quantitated as describe&. L-2 cells exposed for 
24 h to 3H-BP (sp. act. 25.2 Ci/mM) at a final concentra- 
tion of 2 gCi/ml were washed and homogenized to yield 
free intact nuclei. Nuclei were solubilized and aliquots 
counted in 10 ml scintillant in a Beckman LS-230 liquid 
scintillation counter. Bound label was expressed as cpm per 
gg DNA. Unbound label was removed from the cytoplas- 

Table 1. Aryl hydrocarbon hydroxylase activity in type II alveolar 
pneumonocytes clonally derived from adult rat lung 6 

PAH compound tested AAH activity 
Mean SEM 

Benzo(a)pyrene 7.85 • 0.23 
9,10-dimethyl 1,2-benzanthracene 4.1 _+0.1 
3-Methylcholanthrene 0.59_+ 0.12 
Controls (No PAH) 0.21 _+ 0.022 

L-2 cells were exposed to one of 3 polycyclic aromatic hydro- 
carbons for 24 h at a concentration of 2 gg/ml culture medium. 
Fluorescence of water-soluble product was determined and activity 
expressed as units/gg DNA. Assays were run in triplicate. 

Table 2. Binding of 3H-BP to nuclear and cytoplasmic fractions of 
homogenized L-2 cells 

Cellular Fraction cpm 
Mean SEM 

Nuclear 674 _+ 28 
Cytoplasmic 99.8 _+ 3.34 

Samples were counted in quadruplicate in a Beckman LS-230 
liquid scintillation counter with a tritium counting efficiency of 
60%. Data are expressed as cpm/gg DNA in the nuclear fraction 
and cpm/gg protein in the cytoplasmic fraction. 

mic fraction as described 9. Aliquots were counted and 
metabolite binding expressed as cpm/~tg protein. Protein 
was quantitated according to described methods 1~ 
Results and discussion. L-2 cells used in these studies 
possess osmiophilic lamellar bodies in their cytoplasm 6 and 
are enriched in enzymes involved in the synthesis of 
phosphatidylcholine u. These cells thus possess properties 
of pulmonary surfactant producing type II alveolar pneu- 
monocytes. Data reported here suggest that L-2 cells con- 
tain aryl hydrocarbon hydroxylase and therefore have the 
capacity to metabolize polycyclic aromatic hydrocarbons. 
The results of fluorescence measurements of water soluble 
product following a 24 h exposure to PAH compounds are 
shown in table 1. Benzo(a)pyrene (BP) induces about twice 
the AHH activity of dimethylbenzanthracene and 13 times 
that induced by 3-methylcholanthrene. A similar response 
was observed in mouse 3T3 cells 12. 
A preferential binding of 3H-BP metabolites to the nuclear 
fraction of homogenized L-2 cells is indicated in table 2. 
The target sites for ultimate carcinogen action are thought 
to involve nuclear macromolecules 13. Binding of 3H-BP 
metabolites to DNA, RNA, and nuclear proteins has been 
described ~4. Current studies are underway to examine the 
binding of 3H-BP to specific nuclear macromolecules in 
L-2 cells. 
It is not known whether binding of BP to cytoplasmic 
receptors is a prerequisite to nuclear binding but it has been 
suggested that cytoplasmic protein receptors could function 
to facilitate carcinogen transport to nuclear receptor sites 9. 
Interaction with critical macromolecules could then initiate 
the cellular events associated with transformation. 
In conclusion these studies indicate that type II alveolar 
lung cells possess the enzyme machinery for PAH metabo- 
lism and that nuclear and cytoplasmic receptors bind BP. 
The relationship of PAH metabolism in type II cells to lung 
carcinogenesis is yet to be illucidated. 
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