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Oncogenic Effect of Methylcholanthrene in New-Born Germfree Mice." 
(28009) 

MORRIS POLLARD AND JEAN-CLAUDE SALOMON~ 
Lobund Laboratory, University o f  Notre Dame, Notre Dame, Indiana 

Adenomas have appeared in the lungs of 
mice following inoculations with urethane and 
other carcinogenic chemical compounds ( 1-4). 
The mechanisms whereby such pulmonary 
neoplasms developed from remotely inoculated 
carcinogenic stimuli are not clear. Kelly and 
O'Gara ( 5 ) induced pulmonary adenomas 
rapidly by inoculating methylcholanthrene 
(MCA) subcutaneously into new-born mice. 
The response to MCA was quantitated by 
counting the tumors on and in each sectioned 
lung as observed by low-power microscopy. 

Investigators have demonstrated clearly the 
involvement of viruses in tumor formation: 
some, such as leukemia, polyoma, papilloma: 
avian lymphoma, myeloblastosis, and sarco- 
ma viruses exert a direct oncogenic effect on 
the host cell (6 ) .  Other viruses (adenovirus 
1 2  and simian virus 40) are associated pri- 
marily with non-neoplastic lesions, but under 
special conditions they do elicit tumorous le- 
sions in other species of animals( 7 $ ) .  Virus- 
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like inclusions have been observed in trans- 
planted tumor cells of animals, which were 
initiated by carcinogenic chemical compounds 
(9,lO); however, the role of such inclusions 
in tumor formation is uncertain. Perhaps the 
chemically-induced undifferentiated tumor 
cells provide a milieu more suitable for virus 
propagation than cells elsewhere in the body, 
and thus they manifest a selective proclivity 
for such cells. 

Viruses can induce tumors in animals; how- 
ever, there is uncertainty whether, as a group, 
they are the exclusive cause of such lesions. 
Tumors have been induced in rodents by nu- 
merous well-defined chemical agents, by 
physical agents, and by induced endocrine 
imbalances( 11). All of the experiments de- 
scribed to date were performed in conventional 
animals. Since such animals are now known 
to harbor a wide range of viruses, some being 
carcinogenic, the mechanism (s) of oncogene- 
sis by the above noted non-viral agents need 
clarification, The most direct approach to 
this problem would require the use of virus- 
free animals. Mice have been propagated and 
maintained in Lobund Laboratory under 
germfree conditions through 19 serial genera- 
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tions. Bacteria, fungi, and parasites have not 
been detected in them. Tests for viral flora 
in such animals are still in progress. Since 
viruses may show some selective localization 
in tumor cells, 2 determinations may be at- 
tained through induction of tumors in germ- 
free animals with MCA: (a) the ability of 
such animals to develop tumors, and (b) the 
viral flora of such tissues. MCA has been 
inoculated into germfree new-born mice and 
the lesions which developed subsequently are 
described here. 

Methods and materials. As background to 
the use of germfree rodents in this study, 100 
randomly-selected adult mice were tested sero- 
logically for polyoma virus, with negative re- 
sults. Cells cultured from embryos and from 

FIG.  1. Multiple adenomas in lung of germfree 
mouse a t  10 wk after subcutaneous inoculation of 

0.1 mg methylcholanthrene. 

kidneys appeared normal microscopically. 
The germfree animals were maintained in 
flexible plastic isolators and fed ad libitum on 
sterile diet during the experiment ( 12). They 
were negative for bacteria by frequent tests 
using standard bacteriological technics ( 13 ) 
performed at  regular intervals during the ex- 
periments. All of the germfree animals had 
an enlarged cecum. 

3-Methylcholanthrene$ was dissolved in 
olive oil, and sterilized in glass-sealed am- 
poules by dry heat at  165°C for 3 hours. The 
inoculum was introduced into the sterile iso- 
lator through a lock which had been sterilized 
by a spray containing 2 %  peracetic acid. 

Sixty-one non-inbred mice ( Swiss-Webster 
strain) of the nineteenth generation in germ- 
free environment were inoculated subcutane- 
ously, in the interscapular region, with 0.1 mg 
of MCA in olive oil. The animals were inocu- 
lated as soon after birth as possible, and at  the 
latest under 18 hours of age. Fifty-four con- 
ventional mice of the same s t ran and age re- 
ceived the same inoculum, but were main- 
tained at  all times in an open animal room. 
Control animals, germfree and conventional, 
were inoculated with the oil vehicle, or they 
were not inoculated. 

Of 12 litters of germfree mice inoculated, 7 
were examined 8 weeks later; 3 a t  10 weeks 
and 2 at  15 weeks after inoculation. Each 
animal was killed by cervical section, the lungs 
were quickly exposed and inflated with Zenk- 
er’s fixative introduced through the trachea by 

syringe and needle. The lungs were fixed in 
Zenker’s fluid for 24 hours, washed in tap 
water for 24 hours, and stored in 70% ethanol. 
The lungs were examined by low power mag- 
nification (3 x ) and all surface tumors were 
counted. Selected areas of each lung were 
dehydrated and imbedded in paraffin; sections 
were stained with hematoxylin and eosin and 
examined microscopically. Before fixing the 
lung in Zenker’s solution, selected areas of 
tumorous tissue were excised, fixed in osmic 
acid, and embedded in epon. Ultrathin sec- 
tions were stained with uranyl acetate for 1 
hour and lead according to Karnovsky Method 
A (  14) , and examined with an electron mi- 
croscope (RCA EML). The cells were 
screened carefully for evidence of viral parti- 
cles. Each animal was examined for evidence 
of lesions in extrapulmonary areas. 

Results. Forty-seven (78%) of the germ- 
free and 42 (83%) of the conventional mice 
survived the effects of MCA inoculation. One 
germfree mouse showed dyspnea at  15 weeks, 
due to an enlarged thymus. In  all the germ- 
free mice, circumscribed, white, vesicular tu- 
morous foci were observed in the lung pa- 
renchyma, many of which were projected 
against the pleurum, above the surface of the 
lung (Fig. 1) .  The lesions ranged from 0.1 
to 3 mm in diameter. The tumors visible on 
the surface of the lung were counted and re- 
corded (Table I) .  More tumors were ob- 
served in the lungs of germfree than in con- 
ventional mice. All inoculated germfree ani- 

$3-Methylcholanthrene, Eastman Kodak Co. mals had lung adenomas; 1 1 % of the conven- 
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FIG. 2. Adenoma in lung shown in Fig. 1. Hema- 
toxylin and eosin stain, X100. 

tional mice were tumor free. Microscopic 
examinations of affected lungs revealed focal 
areas of adenomatous structure in all areas of 
the lungs. The majority of lesions were lo- 
cated at  the lung surfaces; however, they 
varied in size from those barely detected as 
thickened prominent alveolar septa to round 
dense masses of enlarged cells. The histo- 
pathology of lung lesions was the same as that 
described previously ( 4 3 ) .  Mitoses were rare, 
and metastases were not observed. The lung 
lesions in conventional and in germfree mice 

TABLE I. Developineiit of Adenomas in Lungs of 
Mice Inoculated at Birth with Methglcholanthrene. 

Weeks 
after in- Surface tumors 

oculation per lung Avg 

Germf ree 8 11, 3, 12, 17,21,29, 19, 35 
26, 20, 32, 70,61,15, 
42, 13,13, 22, 7 ,1 ,8 ,  
2, 10, 144,108,85, 

10 30, 12, 25, 20,80, 75, 45 

15 200,203,300,310,263, 169 

89) 79 

123,25,19 

100,60,55,133,177, 
67 

Conventioiial 8 3, 1, 3, 9, 3,3,  6, 4, 11, 22 
8,21,151, 131,10, 
58,26,148,0,  0 

10 3, 44, 3, 8,60,52,148, 41 
0 ,  0 ,  140,60,58,3,  
140,5,26,80,17, 
102, 53,0,23, 35, 
4, 2, 17 

GERMFREE MICE 

could not be differentiated morphologically. 
The lungs of mice inoculated 10 and 15 weeks 
previously contained increased numbers of 
adenomas, many of which were confluent; 
however, the histopathology was unchanged. 
At 15 weeks, individual germfree mice con- 
tained in excess of 3QO tumors per lung. 

The lungs of uninoculated 8-week-old germ- 
free and conventional mice were free of le- 
sions, as were the lungs of mice which had 
been inoculated only with the oil vehicle. 

Neither viral inclusions nor any other sug- 
gestive structures have as yet been detected 
in the adenoma cells by electron microscopy. 

Discussion. Animals may respond to car- 
cinogenic stimuli with lesions which may even- 
tually appear as a consequence of senescence 
(4). The occurrence of lung lesions in aging 
Swiss-Webster germfree mice has not yet 
been determined. White Swiss mice manifest 
a predisposition for lung tumors; possibly the 
MCA stimulus accelerates evolution of such 
lesions. Conventional mice had a greater 
range of lung tumor counts (0-151) than the 
germfree animals. As high as all tumor 
counts were, they would have been higher if 
the lesions in the central areas of the lung 
were included. 

Viral agents have not been detected in the 
germfree colonies of mice at  Lobund Labora- 
tory, but we cannot preclude their existence, 
either masked, latent, or otherwise indistin- 
guishable by conventional technics. The 
search for viral contaminants continues by 
methods involving cytology, serology, tissue 
cultures, animal inoculations, and electron mi- 
croscopy. The data reported here may be in- 
terpreted in two ways: (a) that tumors can 
develop withopt viral agents, or (b) if the 
latter are required they must be sought out. 
Thus far viral agents have not been detected. 

The pulmonary adenomas induced by MCA 
are morphologically benign. If an adenoma is 
interpreted as a “pre-cancerous” lesion, would 
a superimposed viral infection provide the 
stimulus for development of malignancy? If 
such is the prospect, why does it not occur in 
conventional mice, in view of the reported 
frequent detection of viruses in colonies of 
so-called “normal” mice? Perhaps the time 
sequence of exposure is inconsistent with such 
a cell transformation. 
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How can the apparent acceleration of ade- 
noma-formation in “germ free” animals be ex- 
plained? ,Can the poorly developed reticulo- 
endothelial system of such mice be related 
to increased susceptibility to tumorigenesis? 
Data accumulated thus far indicate that sub- 
cutaneously-inoculated MCA induces localized 
fibrosarcomas more rapidly in germfree than 
in conventional adult rats and mice( 15). Pos- 
sibly the strains of germfree mouse and rat 
tested are more uniformly susceptible to MCA 
than other strains. Do the results here re- 
ported suggest that the microbial flora in the 
conventional animal may induce some relative 
state of resistance or interference to the car- 
cinogenic mechanism? The germfree animal 
provides a mechanism for fruitful exploration 
of carcinogenic stimuli and the alterations 
which they induce in the host. 

Summary. Methylcholanthrene was inocu- 
lated subcutaneously into new-born germfree 
and conventional mice (Swiss-Webster strain). 
Pulmonary adenomas were thereby induced 
more frequently and in greater numbers in 
the germfree animals. Viral agents have not 
been detected in the adenoma tissues by elec- 
tron microscopy. 
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T’he formation of insoluble complexes be- 
tween lipoproteins and various sulfated poly- 
saccharides was described by Bernfeld( 1), 
Oncley( 2 ) ,  and Burstein and Samaille(3). 
The subject was thoroughly reviewed by 
Cornwell and Kruger (4). 

Although it is generally assumed(4) that 
sulfated polysaccharides precipitate j3 and 
lower density lipoproteins (d< 1.063 g/ml), 
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no comparison of the cholesterol content of 
the fractions obtained by precipitation and 
by preparative ultracen tri fugation of human 
serum has been reported. Recently Sakagami 
and Zilversmit ( 5 )  compared the dextran sul- 
fate precipitable lipoprotein in sera from dogs 
with those obtained by ultracentrifugation 
and indicated that this method could be used 
as a means of quantitatively precipitating 
low density lipoproteins. Advantage was 
taken, therefore, of an opportunity to com- 
pare the cholesterol content of ultracentrifu- 
gally isolated u lipoproteins (d> 1.063 g/ml) 




