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ABSTRACT

One-week-old male and female mice of the A, BALB/c (C), and Oil,
He (C3) strains and of the AC3 and CC3 !â€¢,hybrids were treated with a

single dose (300 mg/kg s.c.) of urethan and then kept without further
treatment until 30 and 40 weeks (males) or 30 and 65 weeks (females).
The degree of difference in susceptibility to hepatocarcinogenesis between
the susceptible C3 and the resistant A and C mice, in the different age
and sex groups, was 4-12-fold by the analysis of the number of nodules/
cm5 (A'/i-m'), which represents an estimation of tumor frequency and was

more than 400-fold as indicated by the percentage of liver volume
occupied by nodules (\''7<), an estimation of tumor size. With regard to

lung carcinogenesis, mice of the A strain proved 5-10- and 20-70-fold
more susceptible than the C and the C3 mice, respectively, as indicated
by the number of microscopically identified lung tumors/mouse (.V). an
estimation of tumor frequency. The lung tumor size, as estimated by the
mean tumor volume (I), was similar in A and C mice but much higher
in the A than in the C3 groups (13-= 1000-fold difference). The AC3
hybrid was highly susceptible to both liver and lung carcinogenesis. The
CC3 hybrid was as susceptible to lung carcinogenesis as its C parent and
had an intermediate susceptibility to hepatocarcinogenesis. Our results
indicate that a major determinant in the genetic susceptibility to hepato
carcinogenesis, and perhaps to lung carcinogenesis too, is tumor growth,
as evidenced by a much greater tumor size in genetically susceptible than
resistant mice.

INTRODUCTION

The genetics of liver and lung tumor susceptibility has been
extensively studied in the mouse, taking advantage of differ
ences observed in the many available inbred strains. Tumor
susceptibility refers to the development of tumors either without
a specific exogenous stimulus or upon treatment with a known
carcinogen. In both instances, susceptibility is not absolute and
refers to relative quantitative values. Strains genetically suscep
tible to hepatocarcinogenesis comprise C3H/He, CBA, and CF-
1, and resistant strains include C57BL/6J and BALB/c (1-10).
Strains genetically susceptible to lung tumorigenesis comprise
A, SWR, and BALB/c mice, and among resistant ones are
C57BL/6J and C3H/He (3, 4, 11). Susceptibility to liver and
lung carcinogenesis is a dominant or a semidominant genetic
trait, because F, hybrids between susceptible and resistant mice
are susceptible (3, 9, 11, 12).

Quantitative estimations of the degree of difference in sus
ceptibility to hepatocarcinogenesis among strains showed wide
variations, depending on the examined parameters, e.g., tumor
incidence, tumor multiplicity, and tumor size (3, 10, 13-17),
whereas for lung carcinogenesis analyses were almost exclu
sively based on the number of macroscopically counted lung
tumors/mouse and indicated a 30-90-fold difference between
genetically susceptible and resistant mice (11).
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Drinkwater and Ginsler ( 15) found that a single locus (named
Hcs) accounted for about 80% of the difference in susceptibility
to diethylnitrosamine- or ethylnitrosourea-induced liver carci
nogenesis between the C3H/He and C57BL/6J strains and that
another locus may play a minor role. They used as an index of
susceptibility the number of liver tumors >2 mm in diameter/
animal (tumor multiplicity). Malkinson et al. (18) using ure-
than-treated recombinant inbred strains between A/J and
C57BL/6J mice indicated that three loci are involved in the
control of genetic susceptibility to lung tumorigenesis.

However, an analysis of the number of genes involved in the
control of genetic susceptibility to liver and lung carcinogenesis
should include microscopic nodules to distinguish between an
imals carrying no tumors and animals with hundreds of micro
scopic neoplastic lesions that in a few weeks or months can
grow to large tumors (19-23). Quantitative parameters should
allow estimation of tumor frequency and size, because the
genetically susceptible phenotype may result from a high sus
ceptibility either to initiation (high tumor number) or to pro
gression (high tumor size). We and others have previously
suggested that the gene or the genes responsible for the genetic
susceptibility to murine hepatocarcinogenesis may control nod
ule growth, but not tumor frequency (16, 17).

To further analyze susceptibility to liver and lung carcinogen
esis we have treated preweanling mice with urethan, a carcino
gen which induces multiple types of tumors in rodents, includ
ing liver and lung tumors (24, 25). In mice, a correlation has
been reported between the susceptibility to the development of
neoplasms at specific sites after urethan treatment and the
degree of spontaneous tumor incidence in that particular organ
(3, 13,26,27).

As quantitative indexes of susceptibility to liver carcinogen
esis, we used the number of nodules/cm3 (/V/cm1) at different

cutoffs for radii and the percentage of liver volume occupied by
nodules ( V%). For the analysis of lung carcinogenesis, we tested
the number of microscopically identified tumors/mouse (N),
the mean tumor volume (y), and the total tumor volume (N x
n
MATERIALS AND METHODS

Animals and Treatments. Male and female C3H/He (C3) and BALB/
e (C) mice were purchased from Bantin and Kingman (Hull, United
Kingdom), A/J/Ola (A) mice were purchased from Olac Ltd. (Oxon,
United Kingdom). Mice were then bred in our laboratory, and male C3
mice were crossed with A and C females to obtain A/J/Ola x C3H/He
F, (AC3) and BALB/c x C3H/He F, (CC3) mice, respectively.

Groups of 72-93 mice from each strain/hybrid were treated at 1
week of age with a single s.c. dose of 300 mg/kg body weight urethan
(BDH, Poole, United Kingdom; diluted in 0.9% NaCl solution). After
weaning, the mice were kept under observation. About 50% of male
and female mice of each strain/hybrid were killed at 30 weeks of age,
whereas the remaining males were killed at 40 weeks of age and the
remaining females at 65 weeks of age. They were fed a standard pellet
diet (Piccioni, Gessate, MI, Italy) and acidified tap water ad libitum
and were housed in plastic cages in a temperature- and humidity-
controlled room.
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Hepatocellular Nodules and Tumors. When the mice were killed,
livers were removed, examined for gross lesions, fixed in Bourn's

solution, embedded in paraffin, cut, and stained with hematoxylin and
eosin for histopathological examination. For each mouse, hepatocel-

lular nodules equal or larger than 115 Â¿imin diameter were counted in
two sections, one from the left and one from the median liver lobe, and
their size was measured (16, 28). The nodules with diameters larger
than 5 mm observed in the whole liver were microscopically classified
as adenomas and carcinomas (29).

The size distribution of nodules was calculated using the smoothing
procedure and increasing values for the cutoffs for radii (30, 31). The
cutoff of 120 Â¿imallowed estimation of almost the total N/cm3 value,
whereas larger cutoff values provided estimation of the N/cm3 of

nodules with size larger than the cutoff. In the size distribution analysis,
the percentages of lesions larger than the indicated cutoff values were
calculated by dividing the mean N/cm3 value at that cutoff by the N/
cm3 value at 120 um, considered as the 100% fraction. The percentage

of liver volume occupied by nodules ( V%) was calculated as described
previously (28, 32).

Lung Tumors. When the animals were killed, lungs were filled with
0.5-1 ml Bouin's fixative by intratracheal injection, removed, and
immersed in Bouin's solution. Then, they were embedded in paraffin,

cut, and stained with hematoxylin and eosin for histopathological
examination.

For each mouse we counted the number and measured the diameter
of lung tumors in one section including all the lung lobes. Since most
of the tumors appeared roughly circular in tissue sections, it was decided
to calculate their volume by assuming that the tumors were spherical.
The quantitative analysis of lung tumor susceptibility cannot be based
on the stereological analysis of lung tumors, because the lung is not a
solid organ and measurement of lung section areas is unreliable since
it depends on the degree of distension of the lung alveoli. Therefore,
we used the number of microscopically identified lung tumors/mouse
(N). This parameter underestimated lung tumor frequency in mice
carrying small tumors, because profiles of large tumors appear more
frequently in tissue sections than do small ones (30, 32). We estimated
lung tumor size by measuring mean lung tumor volume (). sum of the
individual tumor volumes, divided by the number of tumors) and total
lung tumor volume (N x K).

RESULTS

The single 300-mg/kg body weight dose of urethan adminis
tered to 1-week-old mice was well tolerated, since a total of 391
of 401 (97.5%) mice survived the treatment to weaning. The
mice were kept under observation without further treatment.
Mice dying before the end of the experiments were excluded
from calculations. They included: among the males 4 C3, 2 A,
1 C, and 1 AC3; and among the females 2 C3, 6 A, 2 C, 3 AC3,
and 1 CC3. One C3 and one C male mouse killed at 40 weeks
of age bore a diffuse lymphoma and were excluded from
calculations.

The incidence of liver nodules of any size, the N/cm3 at cutoff

for radii of 120 firn, the V% of liver nodules, the number of
hepatocellular adenomas/mouse and that of carcinomas/
mouse, and the incidence, N, V, and (N x V) of lung tumors
are reported in Table 1 for the different strains/hybrids and
sexes.

Liver

Males, 30 Weeks. All C3, AC3, and CC3 mice had liver
nodules, whereas C mice showed a 26% incidence, and no
nodules were observed in the A strain. The N/cm3 was similar

in C3 and AC3 mice (63 and 51, respectively), slightly lower in
CC3 mice (29), and much lower in C mice (0.7). The V%
showed wide variations among the strains/hybrids, with the C3
mice showing the highest value (24.8), the AC3 an intermediate
value (4.18), and the CC3 and the C mice the lowest values
(0.26 and 0.03, respectively). Adenomas larger than 5 mm in
diameter were frequent in C3 mice (1.4/mouse) but rare in the
other strains. A few carcinomas were seen only in the C3 mice.

Males, 40 Weeks. The 100% incidence of nodules was main
tained in C3, AC3, and CC3 mice; the C mice showed a 40%
incidence; and the A mice, which had no detectable nodules at
30 weeks, showed a 74% incidence. The ./V/cm3was similar in

C3, AC3, and CC3 mice, i.e., from 44 to 45, but it was lower
in A (11.8) and in C (3.7) mice. The V% of AC3 mice almost
reached the same value observed in the C3 strain (35 and 47,

Table 1 Liver and lung tumor susceptibility in male and female A, C, C3, AC3, and CC3 mice treated once with urethan (300 mg/kg s.c.) at I week of age and
sacrificed at 30, 40, and 65 weeks of age"

Livertumors'Strain/hybridACC3AC3CC3ACC3AC3CC3ACC3AC3CC3ACC3AC3CC3SexMMMMMMMMMMFFFFFFFFFFAge

(wk)3030303030404040404030303030306565656565No.
of

mice1819221916192017181315201522221218192122Incidence026100100100744010010010000938692522100100100N/cm30.7

Â±0.563.0
Â±6.851.0
+7.828.9
Â±4.411.8

Â±3.33.7
Â±1.644.1

Â±4.845.0
Â±7.943.8
Â±5.229.1

Â±5.126.5
Â±5.21.7
Â±1.75.7

Â±3.02.2
Â±1.524.3

Â±3.158.7
Â±6.867.2
+ 9.1y%0.03

Â±0.0224.77
Â±3.674.18Â±

1.110.26
Â±0.070.06

Â±0.020.10
+0.0647.40
+5.0734.55
+5.172.82
Â±0.740.29

+0.090.05
+0.010.00
Â±0.000.07

+0.040.01
+0.0053.58
Â±4.0016.13
+2.401.66
Â±0.45Adenomas/

mouse1.4Â±

0.40.1
Â±0.10.8

+0.30.3
+0.20.1

Â±0.10.5

Â±0.20.4
Â±0.2Carcinomas/mouse

Incidence94370.3

Â±0.299538100552.5

+ 0.5121.8
+ 0.48931873576436100782.8

Â±0.4370.3
Â±0.2 10091Lung

tumorsN4.3

Â±0.60.5
+0.20.1

Â±0.11.7
+0.20.6
Â±0.27.0

Â±0.70.7
+0.20.1

Â±0.13.2
Â±0.50.5
+0.23.1

Â±0.60.5
Â±0.20.1

Â±0.11.1
Â±0.20.4

+0.18.8

Â±0.71.9
+0.40.4

Â±0.14.8
Â±0.52.6
Â±0.4y

(mm1)0.54

+0.190.43
+0.250.01
+0.000.62
Â±0.230.18

Â±0.090.93

Â±0.250.85
Â±0.380.00
Â±0.002.23
Â±0.690.67
+0.450.31

Â±0.110.27
Â±0.170.00
Â±0.000.61

Â±0.310.09
+0.045.37

Â±0.902.19
+0.730.41
Â±0.335.19
Â±1.351.82
Â±0.53NX.

V2.

14Â±0.620.50
Â±0.260.01
Â±0.001.14

Â±0.420.24
+0.126.89

Â±1.851.00
Â±0.410.00

Â±0.008.73
+3.241.30
+0.901.13

+0.360.28
Â±0.170.00
+0.000.87
+0.390.09
Â±0.0447.75

+8.954.95
+2.020.42
Â±0.3331.49
+9.714.43+

1.02
" Mean Â±SE.
*N/cm' and V% evaluated at cutoff for radii of 120 firn.
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respectively), whereas at 30 weeks it was Â»6-foldlower in AC3
than in C3 mice. The CC3 hybrid showed a 11-fold lower V%

value (2.8) when compared to the AC3 hybrid (33) but, com
pared with its C parental strain, CC3 mice showed a Â«29-fold

higher V% value. Adenomas were seen at a higher frequency in
C3 (0.8/mouse), followed by AC3 (0.3/mouse) and by CC3
(0.1/mouse) mice, but they were not seen in A and C mice.
Carcinomas were relatively frequent in C3 (2.5/mouse) and
AC3 (1.8/mouse) mice but were absent in the other mice. The
frequency of carcinomas resulted higher than that of adenomas
in the C3 and AC3 mice.

As a means of comparing the relative growth rates of hepatic
lesions, the percentages of lesions larger than the indicated size
cutoff are plotted in Fig. \A. The 100% fraction represents the
N/cm3 value at 120 ^m cutoff. In A and C mice, the N/cm3

values rapidly decreased with increasing size cutoff. At a cutoff
of 360 urn only 15-22% of A and C nodules, respectively, were
present. At a cutoff of 600 pm, 0-5% of A and C nodules were

seen. On the other hand, nodules with radii >720 ^m repre
sented more than 30% of the total number of C3 and AC3
nodules. The CC3 mice, compared with the C3 and AC3 ones,
showed a more rapid decrease in N/cm3 values, but their frac

tion of lesions remained higher than those of the A and C mice
at any cutoff.

Females, 30 Weeks. Mice with detectable nodules of any size
comprised 86 and 93% of AC3 and C3 mice, respectively, but
only 9% (2 mice) of the CC3 hybrid and none of the A and C
mice. The N/cm3 was similar in C3 and AC3 mice (29 and 26,

respectively), with half the values of those observed in the
corresponding males at 30 weeks. The TV/cm3in CC3 mice was

much lower (1.7) than that in the C3 and AC3 females. The
V% was 0.29 in C3 and 0.05 in AC3 mice and 78-97-fold lower

than in their corresponding males at 30 weeks. No adenomas
or carcinomas were seen in any strain/hybrid.

Females, 65 Weeks. The incidence of nodules reached 100%
in C3, AC3, and CC3 mice and 25 and 22% in A and in C
mice, respectively. The TV/cm3values among C3, AC3, and CC3

mice were similar, i.e., 24, 59, and 67, respectively. These values
were also similar to, or even higher than, those seen in the
corresponding male groups at 40 weeks. Again, A and C mice
showed the lowest N/cm3 values: 5.7 and 2.2, respectively. The

V% values showed wide variations among C3, AC3, and CC3
mice, 53.6, 16.13, and 1.66, respectively. A and C mice showed
very low V% values, i.e., 0.07 and 0.01, respectively. Comparing
the A and C3 strains, the N/cm3 was ~4-fold lower but the V%
was 800-fold lower in the A than in the C3 mice. Adenomas

were seen at about the same frequency in C3 and in AC3 mice
(0.4-0.5/mouse), but not in the other strains. Carcinomas were

seen only in C3 and AC3. The number of carcinomas/mouse
was higher in the C3 (2.8) than in the AC3 (0.3) group.

The percentages of lesions larger than the indicated size
cutoff are shown in Fig. IÃŸ.A small percentage of A and C
lesions appertained to the large size classes. In fact, only 14
and 0% of A and C nodules, respectively, had radii larger than
240 pm. Most of the C3 nodules were large, since nodules with
radii >720 pm represented 63% of the C3 nodules. The fraction
of AC3 lesions larger than 720 urn was 19%, i.e., lower than
that of C3 mice, but higher than that of the other strains. In
analogy with the male group, the N/cm3 values in CC3 mice

decreased more rapidly than in C3 and in AC3 mice, over the
increasing cutoffs.

Males - 40 wks

Iu

Ã¬
â€¢¿�Q

O
O)

M
O

i
o

â€¢¿�A
â€¢¿�C
A C3
o AC3
a CC3

Females - 65 wks

size cutoff (Â¿/m)

Fig. 1. Size distribution analysis of hepatic lesions in A (â€¢),C (â€¢),C3 (A),
AC3 (O), and CC3 (D) male mice at 40 weeks of age (A) and female mice at 65
weeks of age (It). Data were plotted as the percentage of lesions larger than the
indicated size cutoff. The 100% fraction represents the N/cm3 value at 120 ^m.

Lung

Males, 30 Weeks. The incidence of lung tumors ranged from
9% (C3) to 94-95% (A, AC3) mice, with intermediate values
in C and in CC3 mice (37-38%). The number of tumors/mouse
(N) was higher in A and AC3 mice (4.3 and 1.7, respectively)
than in the C, CC3, and C3 mice (0.5,0.6, and 0.1, respectively).
The mean tumor volume (V) was also higher in A and AC3
mice (0.54 and 0.62, respectively) than in C, CC3, and C3 mice
(0.43, 0.18, and 0.01, respectively). The total tumor volume (N
x V) followed the same pattern of the other parameters, with
values of 2.14, 1.14, 0.5, 0.24, and 0.01 in A, AC3, C, CC3,
and C3 mice, respectively.

Males, 40 Weeks. The picture among the different strains/
hybrids was not much different from that seen at 30 weeks,
with a slight increase in all parameters. The (N x V) values
were 6.89 and 8.73 in A and AC3 mice, respectively; 1.0 and
1.3 in C and CC3 mice, respectively; and 0.0004 in C3 mice.

Females, 30 Weeks. The incidence as well as the N, V, and
(N x V) values were quite similar to those observed in the male
groups at 30 weeks of age for each strain/hybrid, without
exceptions. The V and N x. V values were slightly lower in the
female groups than in the corresponding male groups.

Females, 65 Weeks. All the parameters evaluating lung tumor
response showed increased values with respect to those seen at
30 weeks, in all strains/hybrids. A and AC3 mice had a 100%
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lung tumor incidence; C and CC3 had 78% and 91%, respec
tively; and C3 mice had a 37% incidence. The N value was high
in A and AC3 mice (8.8 and 4.8, respectively), intermediate in
C and in CC3 mice (1.9 and 2.6, respectively), and low in C3
mice (0.4). The tumor volume was also higher in A and in AC3
mice (5.37 and 5.19, respectively), than in C and CC3 mice
(2.19 and 1.82, respectively) and in C3 mice (0.41). The (N x
V) values showed the highest change with respect to 30 weeks.
In A and AC3 mice we observed (N x V) values of 47.75 and
31.49, respectively, i.e., a Â«40fold increase with respect to 30
weeks. N x y was 4.95 and 4.43 in C and in CC3 mice,
respectively but only 0.42 in C3 mice.

DISCUSSION

We found, according to our expectation, that the C3 mice
were highly susceptible to hepatocarcinogenesis but resistant to
lung tumorigenesis and that the A and C mice were resistant to
hepatocarcinogenesis but susceptible to lung carcinogenesis.
The AC3 hybrid resembled the parental strains for the high
susceptibility to both liver and lung tumor development. The
susceptibility of the CC3 hybrid to lung tumorigenesis resem
bled that of the C parent, but its susceptibility to hepatocarcin
ogenesis, although higher than that of C mice, was much lower
than that of the C3 parent and of the AC3 hybrid.

When C3 mice were compared with A and C mice, the degree
of difference in susceptibility was only 4-12-fold as estimated
by the N/cm* values but was more than 400-fold by the V%

values (males, 40 weeks; females, 65 weeks). The present ob
servation in urethan-treated mice confirms previous findings
indicating that a major determinant in the genetic susceptibility
to hepatocarcinogenesis is tumor growth (16, 17). Size distri
bution analysis demonstrated that nodules of large size repre
sented a much higher fraction of C3 and AC3 than of A, C,
and CC3 lesions (Fig. 1). Therefore, we should conclude that
all nodules of C3 and AC3 mice had a predisposition to grow
faster.

Interestingly, the male AC3 mice killed at 30 weeks showed
a ~6-fold lower V% value than the C3 mice, but at 40 weeks
the same male AC3 mice resembled their C3 parent in the V%
value (34.55 and 47.4 in AC3 and in C3, respectively). This
observation implies that AC3 liver nodules grew at a slower
rate than C3 nodules from initiation to 30 weeks but that they
grew at a much faster rate from 30 to 40 weeks, suggesting that
their growth depended on the achievement of a critical size. As
genetic changes that are responsible for the size-dependent
growth of AC3 nodules, we can hypothesize the production of
angiogenic factors or the loss of genes associated with tumor
progression, as demonstrated in other systems (33, 34).

The much lower susceptibility to hepatocarcinogenesis of the
CC3 hybrid than that of its C3 parent, as estimated by the
nodule size ( V% values) and by size distribution analysis, indi
cates that the expression of the genes responsible for the genetic
susceptibility to hepatocarcinogenesis is somehow restricted in
the F, progeny by the C cross. Many possible genetic mecha
nisms can explain these findings. Therefore, the genetics of
susceptibility to murine hepatocarcinogenesis appears to be
more complex than that in which only one gene would play a
major role (15).

Female mice are far less susceptible to liver carcinogenesis
than male mice, due to a differential sex-related endogenous
promotion of the initiated lesions, and our results are in agree
ment with previous findings (35-39). Herein we show that the

overall frequency of detectable nodules (minimal cutoff value)
was not much different between male and female mice. In fact,
at 30 weeks of age, the A'/cm' values in female mice of the C3

and AC3 strains were about one-half of those observed in male
mice of the same strains. However, liver nodules grew faster
and resulted of greater size in males than in females, as shown
by the =80-fold higher V% values in males than in females of
both strains. This is in favor of an hormonal control of nodule
growth but not of initiation frequency.

Hanigan et al. (17) suggested that the Hcs locus, responsible
for the difference in susceptibility between C3H/HeJ and
C57BL/6J mice, is preferentially expressed in male mice rela
tive to female mice. In fact, they have seen minor or no
differences in the liver tumor multiplicity and growth rate of
glucose-6-phosphatase-deficient hepatic foci among ethylnitro-
sourea-treated female C3H/He and C57BL/6J mice. However,
their conclusions are based on observations carried out at early
time points (12 to 20 weeks of age). Our results are at variance
because we have shown that genetic susceptibility to liver car
cinogenesis is not sex dependent, i.e., both males and females
of a genetic susceptible strain/hybrid (C3, AC3) have a much
higher susceptibility to hepatocarcinogenesis than the corre
sponding males or females of a genetic resistant strain, provided
that the observation period is sufficiently long (65 weeks) to
allow expression of the susceptible phenotype.

As expected, A mice were more susceptible to lung carcino
genesis than C mice and both A and C strains were more
susceptible than the C3 strain (11). The quantitative degree of
difference was 5-10-fold between A and C strains and 20-70-

fold between A and C3 strains, as estimated by the N values.
The lung tumor size, as estimated by the mean tumor volume
(V), was similar in A and C mice (1.1-2.5-fold difference), but
much higher in A than in C3 mice ( 13 to ~ 1000-fold difference).
Therefore, the difference in susceptibility to lung carcinogenesis
between A and C mice appeared to reside in the lung tumor
frequency, not in the lung tumor size. On the other hand,
differences between A strain and the resistant C3 strain were in
both lung tumor frequency (A') and size (V). We cannot rule

out the possibility that urethan initiation frequency was similar
in the lungs of the two strains and that initiated lung cells of
the C3 strain cannot express their transformed phenotype, due
to C3-specific lung tumor suppressor genetic factors. Additional
studies are needed to clarify whether the genetic difference in
lung carcinogenesis between A and C3 mice resides in the
initiation or in the progression phase.

The total lung tumor volume (N x V), a parameter which is
a function of both tumor frequency and size, gave a good
estimation of tumor progression, because it showed an age-
dependent increase. The increase was particularly apparent
from 30 to 65 weeks (female groups) as evidenced by a Â»40-
fold increase in A, AC3, and CC3 mice and by an 18-fold
increase in the C mice. In the same time period, N increased by
only 3-6-fold in the same strains.

The susceptibility to lung carcinogenesis was dominant in the
F, hybrids, and quantitatively it was very similar to that of their
susceptible parental strain (A or C), with minor differences in
the various parameters estimating tumor response, i.e., with
variations from 0.4- to 3-fold. However, our observaions refer
to a single dose. Comparison of susceptibility between F, hy
brids and parental strains may differ with dosage. In fact, other
reports showed that F, mice were of intermediate lung tumor
sensitivity (11, 40).

In conclusion, we have examined different quantitative pa-
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rameters to evaluate susceptibility to liver and lung carcinogen-
esis in murine strains and in their F, hybrids. Our results
showed that for the analysis of susceptibility to both liver and
lung carcinogenesis, the most sensitive estimation is given by
the parameters taking into account both tumor frequency and
size, i.e., the V% and the (N x V) in liver and lung carcinogen
esis, respectively. A quantitative estimation of tumor response
is a requisite for building hypotheses on the pathogenesis of
susceptibility and also for the analysis of the genes involved in
susceptibility.
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