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ABSTRACT

Pregnant C3HeB/FeJ mice were treated with ethylnitrosourea (ENU)
on one of gestation Days 10, 13, or IS to determine if ENU treatment at
different stages of gestation would result in qualitative or quantitative
differences in lung tumors induced in the offspring. Lung tumors were
counted and measured 6 mo after treatment with ENU. Offspring of mice
treated with ENU on Day 10 of gestation had a small increase in lung
tumors while those treated on gestation Day 13 or 15 had significantly
more tumors than controls and 6- to 8-fold more tumors than the treated
mothers. An inverse relationship between age at the time of treatment
and lung tumor size was found. The mean lung tumor volume of mice
exposed on Day 10 of gestation was 167-fold larger than that of mice
exposed to ENU as adults. The difference between mean lung tumor
volume in mice which had been exposed to ENU on Day 10, 13, or 15 of
gestation appeared to be associated with the exponential growth of the
fetus during this period of gestation. Lung tumors induced on Days 10
and 13 of gestation were irregular in contour and were multinodular.
Sixty-five to 85% of the lung tumors in offspring treated duringgestation
versus 20% in mice treated as adults had a papillary morphology. These
differences in tumor size and morphology indicate that cells transformed
duringearly development may pose a greater biological hazard than cells
transformed in older animals.

INTRODUCTION

Chemical carcinogens, given to pregnant animals, can induce
a variety of tumors in the offspring. Rodent studies have shown
that at least 50 chemicals are effective transplacental carcino
gens when administered at some point during gestation (1). The
stage of development has a major effect on the extent of tumor
induction in the fetus. For example, when carcinogens are
administered in a single dose on one of successive days during
gestation, no increase in cancer incidence in the offspring is
observed until dosing is done after the period of midorgano-
genesis (e.g., gestation Day 12 in the rat and mouse). In most
cases, tumor induction is highest when the fetus is exposed to
the carcinogen at some point between midorganogenesis and
birth (2). When the fetal and maternal exposure to the activated
carcinogen is approximately equal, the tumor response in the
fetus usually exceeds that in the mother (2). With a few excep
tions (2-4), the morphology of tumors in animals exposed to
carcinogens as fetuses is reported to be similar to that of tumors
in animals exposed as adults (5-7).

In the present report, we examined the size and morpholog
ical characteristics of lung tumors from C3HeB/FeJ mice which
had been exposed transplacentally to the carcinogen, ENU.2 It

has previously been noted that lung tumors induced on gestation
Days 15 or 16 or earlier became larger than tumors induced in
older fetuses or in adults; however, these phenomena have not
been specifically illustrated or described in detail. Our results
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confirm and extend the general observation that the size and
morphology of lung tumors induced in the fetus varied with the
stage of gestational development when ENU treatment oc
curred and was different from that in lung tumors from mice
exposed to ENU as adults. Therefore, in contrast to previous
results (5-7), our studies indicate that the stage of gestational
development may have a profound effect on the gross and
microscopic morphology of chemically induced tumors in ani
mals. In addition, as observed by others (3, 5, 8), the number
of ENU-induced lung tumors varied as a function of the age of
the fetus at the time of ENU treatment and WPSgenerally higher
when exposure occurred in utero than as adults.

MATERIALS AND METHODS

Mice. Timed pregnancy was produced in 7- to 8-wk-old C3HeB/FeJ
mice (Jackson Laboratories, Bar Harbor, ME). All animals were bred
and housed in polycarbonate cages with wire mesh lids and spun-
bonded polyester filter bonnets (Lab Products, Inc., Maywood, NJ).
Corncob bedding (Bed-o'-Cobs; The Andersons, Maumee, OH) was

used. Animal rooms were maintained on a 12-h light-dark cycle at 68-
78Â°Fand 35-50% relative humidity. Mating was initiated by placing

one male with five females overnight, and Day 0 of pregnancy was
determined by the presence of a vaginal sperm plug the following
morning. Pregnant mice were housed individually.

Groups of pregnant mice were injected i.p. with ENU (Fluka Chem
ical Co., Ronkonkoma, NY) on one of gestation Days 10, 13, or 15 at
doses of either 10, 25, or 50 mg/kg body weight. The ENU was
dissolved in tricaprylin (Sigma Chemical Co., St. Louis, MO). Control
mice either received tricaprylin (vehicle) or they were untreated. Birth
occurred after 19-20 days of gestation, and the offspring were main
tained with the mother until weaning at 6 wk of age. The number of
animals in each treatment group depended to some extent on the size
and sex distribution of the litters within the group. Table 1 depicts the
number of mice and litters per treatment group analyzed in this study.

Necropsy. The offspring and their mothers were necropsied 6 mo
after treatment. Lungs were fixed in Tellyesniczky's fixative to facilitate

gross detection of tumors as previously described (9). Lung tumors,
which appear as pearly white nodules, were counted with the use of a
dissecting microscope and measured with a ruler. Tumors as small as
0.2 mm could be detected by this method. Representative sections of
most lung tumors were processed for routine histology. Sections were
cut at 5 fin\ and stained with hematoxylin and eosin.

Lung Development. To determine the extent of lung development in
the C3HeB/FeJ mouse fetus at the time of ENU treatment, pregnant
mice on gestation Days 10, 13, and 15 were anesthetized and their
fetuses perfusion fixed with 3% phosphate-buffered glutaraldehyde. All
fetuses were embedded in Spurr's plastic embedding medium and l-um

sections were stained with toluidine blue for light microscopy.
Statistical Analysis. Differences between treatment groups in the

average number of lung tumors per mouse and in the average size of
lung tumors were analyzed by one-way analysis of variance. Multiple
two-way comparisons of the means were done for statistically significant
(/' = 0.05) variables using the protected least significant difference

method (10). Group differences were analyzed using analysis of variance
on raw data on conjunction with analysis of variance on ranks of data
(11). Log and square root transformations of the data were also used,
with general agreement of results. Standard linear regression analysis
was used (10). For lung tumor number and lung tumor size, litter effects
were controlled by using the mean number of each variable for each
litter as a single data point in the analysis.
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Table 1 Number of mice per treatment group in bioassay
Pregnant mice were given injections on one of gestation Days 10, 13, or IS

with END. Doses of ENU used were 10, 25, or 50 mg/kg in tricaprylin. Controls
consisted of mice given injections of tricaprylin vehicle alone or untreated mice.
The number of offspring or adults necropsied at 6 mo after ENU treatment and
the number of litters in each group are listed.

Dose of ENU (mg/kg)

SO 25 10 Vehicle Untreated

Litter Litter Litter Litter Litter
Age Treated M F no. M F no. M F no. M F no. M F no.

Gestation
Day 10 30 17 7

Gestation
Day 13 18 26 6 19 18 5

Gestation
Day 15 18 25 7 14 13 5 11 18 4 984 1618 4

Adults 25 17 17 12 14

18 16 5 12 13 4 21 24 7 14 16 5

9 14 4 12 11 3 14 17 5

RESULTS

Fetal Lung Morphology. The morphology of C3HeB/FeJ
mouse fetal lung was examined on Days 10, 13, and IS of
gestation (at which ENU was administered in the lung tumor
bioassay) in order to provide a general estimation of the cell
populations at risk.

On gestation Day 10, the fetuses averaged 10.18 Â±1.28 mg
in weight. Early primordia of the lung could be seen in histo
lÃ³gica!sections as two simple, unbranched tubular extensions
of the tracheoesophageal groove (Fig. I A). The lung at this
stage was composed predominately of mesenchyme with a
small, but rapidly expanding, epithelial cell population.

The mean weight for gestation Day 13 fetuses was 120.3 Â±
5.7 mg, an 11.8-fold increase over that of fetuses collected at

Fig. I. Microscopic morphology of fetal mouse
lung on Days 10, 13, or IS of gestation. Lung
outlined by dark arrows. A, gestation Day 10 (bar
= 19 (im); epithelial buds indicated by open arrows.
B, gestation Day 13 (bar = 22 uni): branching
airways lined by tall columnar epithelium indi
cated by open arrows. C, gestation Day 15 (bar =
62 firn); numerous airways of variable diameters
lined by tall columnar to low cuboidal epithelium
(open arrows).
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gestation Day 10. Their lungs were much larger than those of
10-day fetuses and were composed of branching tubules lined
by tall columnar cells (Fig. 1B).

The average weight of gestation Day 15 fetuses increased to
354.1 Â±9.3 mg, which represented a 2.94-fold increase over
gestation Day 13 fetuses and a 34.8-fold increase over gestation
Day 10 fetuses. The proportional increase in fetal weight de
clined as development proceeded. Fig. 1C illustrates the com
plexity of the lung in gestation Day 15 fetuses. The branching
tubular epithelial component is subdivided into large bronchial
structures and smaller airways of diverse diameters. The epi
thelial lining of these airways ranges from low cuboidal to tall
columnar epithelial cells.

Lung Tumor Response. The lung tumor response in male
mice was not significantly different from that in the females;
therefore, data from both sexes were combined. As illustrated
in Fig. 2/1, marked nonlinear increases in the tumor response
were observed as the gestational age at the time of END
exposure increased. Treatment with ENU on gestation Day 10
resulted in a small but statistically significant increase in the
tumor response in 6-mo-old offspring at the highest dose (50
mg/kg). In contrast, ENU exposure on gestation Days 13 or
15 resulted in a significantly increased tumor response at all
dose levels with the maximum response in mice treated on Day
15. The tumor response in mice exposed to ENU as adults was
significantly lower than that in mice treated on gestation Day
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Fig. 2. Lung tumors induced following a single treatment of ENU during
gestation. Pregnant C3HeB/FeJ mice were given a single exposure to ENU (i.p.)
during gestation and the lung tumor burden of the offspring and mothers (adults)
was determined 6 mo after treatment. Each value, mean of lung tumors for all
mice in each group. A, nonlinear tumor response as a function of the day of
gestation that treatment occurred. B, linear tumor response as a function of dose
level with which mice were treated at each day of gestation. For each stage of
development when ENU exposure occurred, the dosesthat produced a statistically
significant increase (P ^ 0.05) in lung tumors above vehicle or untreated controls
are as follows: Day 10, SOmg/kg; Day 13, 25 and 50 mg/kg; Day 15, 10. 25, and
50 mg/kg; adults, 25 and 50 mg/kg. (/, untreated control; V, vehicle treated
control.
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Fig. 3. Lung tumors induced following a single treatment of ENU during
gestation. Each value, mean of lung tumors for all litters in each group. I. tumor
responseas a function of average fetal weight when treated. Statistically significant
variables are denoted in the text and in Fig. 1. B, natural logarithm of tumor
response to ENU given on different days of gestation.

15. In all groups (fetuses and adults), the tumor response was
linearly related to the dose of ENU. The total number of lung
tumors obtained for size and morphological evaluation was:
vehicle and untreated control, 2; Day 10, 13; Day 13, 96; Day
15, 694; treated and untreated adults, 48. It is possible that the
quantitation of lung tumors in mice bearing multiple lung
tumors may have been slightly underestimated due to collision
tumors. This source of error was thought to be negligible,
however, because the size of lung tumors in mice with the most
tumors (exposed on gestation Day 15) was very small (0.27
mm3) and individual tumors were almost always distinguisha

ble.
The relationship between the number of lung tumors induced

and the day of gestation on which mice were treated with ENU
is not linear (Fig. \A). A more linear Relationship is apparent
between the number of lung tumors induced and fetal body
weight (Fig. 3/4). In addition, the exponential increase in the
number of lung tumors which are induced as gestation pro
gresses appears to be linear (Fig. 3Ã„).This suggests that the
number of lung tumors induced may be correlated with the
exponentially expanding target cell population in the growing
fetal lung.

Lung Tumor Size. The mean spherical volume of lung tumors
in all ENU-treated groups decreased significantly with increas
ing age of the animals at the time of ENU exposure (Fig. 4/1).
Almost every tumor found in mice treated on Day 10 of
gestation was larger than any tumor found in mice treated on
Day 15 of gestation, controls, or treated adults. There was no
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Fig. 4. A, mean spherical volume of I M inciucci!lung tumors in mice treated
during different days of gestation or in adults. U. mean natural logarithm of lung
tumor spherical volume. For each day of gestation, the value plotted is the mean
lung tumor volume for each litter with one or more lung tumors. The mean tumor
size of each group is significantly different (/' < 0.05) from the mean of the other

groups. Number of litters with lung tumors: Day 10, 8; Day 13, 13; Day 15, 16;
Adults, 31.

difference in lung tumor volume as a function of the dose of
ENU. The inverse relationship between lung tumor volume and
the stage of development on which ENU was given depicted in
Fig. 4.1 is not linear and the linear regression shows a significant
lack of fit. In contrast, Fig. 4B depicts the relationship between
the natural logarithm of lung tumor volume and the stage of
development at which ENU was administered. The relationship
in Fig. 4/Ã•appears to be much more linear and there is no
significant lack of fit from linearity by linear regression.

The inverse and more linear relationship between the natural
logarithm of lung tumor volume and the day of gestation on
which ENU is given, would be expected if you assume that the
size differences of the lung tumors are due to differences in the
number of population doublings which a transformed lung cell
undergoes between Days 10 and 13 of gestation and again
through Day 15 of gestation. If differences in lung tumor
volume are dependent on differences in the number of popula
tion doublings of transformed fetal lung cells between days of
gestation, then extrapolating population doublings necessary to
produce the changes in lung tumor volume should give similar,
although not necessarily the same, results to those found for
extrapolations of population doublings required to produce
changes in mean fetal weight.

The estimated number of population doublings required to
produce the differences in mean fetal body weight and mean
lung tumor volume observed in the present study are similar.
Using our data of mean fetal body weight and mean lung tumor
volume on gestation Days 10, 13, and 15, the number of

Table 2 Estimated population doublings required to produce observed fetal body
weight and lung tumor volume

The number of cell population doublings required to produce the observed
changes in fetal body weight on gestation Days 10, 13, or 15 and mean lung
tumor volume of the offspring 6 mo after exposure to ENU on gestation Days
10, 13, or 15 were estimated.

Period ofgestationNo.

of population doublings for body
weight change

No. of population doublings for lung
tumor changeDays

10-133.64.7Days13-151.6

1.0Days

10-155.2

5.7

population doublings required to produce the observed changes
in each parameter was estimated. For fetal body weight and
lung tumor volume an exponential curve was constructed of
each parameter beginning with the value measured for Day 10
fetuses and the population doublings that would result in values
measured on Day 13 or 15 were extrapolated from each curve.
These estimates are presented in Table 2.

Lung Tumor Morphology. Lung tumors in ENU-treated and
control mice had the gross and histological appearance of
pulmonary adenomas. This neoplasm is a common tumor of
the mouse and varies markedly in spontaneous incidence for
different mouse strains, with a relatively low incidence reported
in C3H mice (9).

The gross morphology of representative lung adenomas ob
served in 6 mo-old mice exposed transplacentally to ENU is
depicted in Fig. 5, A-C. This series shows marked differences
in tumor morphology depending upon the day of gestation on
which the ENU was administered. Tumors in mice exposed to
ENU on gestation Day 15 resembled those observed in mice
treated as adults or those arising spontaneously in control mice.
These tumors were discrete, round, solid masses visible in the
subpleural region of the lung (Fig. 5A). In contrast, tumors
induced in mice treated either on gestation Day 13 (Fig. 5B) or
Day 10 (Fig. 5C) were larger and more irregular in contour.
The largest tumors were observed in mice exposed on gestation
Day 10 and these tumors were composed of aggregated masses
of smaller nodules. Of the 13 lung tumors induced on Day 10,
all but one was clearly distinguishable by its large multinodular
gross appearance from the tumors found in mice treated on
Day 15 of gestation, control mice, or treated adults.

Lung tumors in this study were classified histologically es
sentially as described by Kimura ( 12). Three classifications were
used: alveolar lining, alveolar lining-papillary, and papillary
types. In addition, the tumors were characterized by noting
differences in nuclear detail between the alveolar lining and the
papillary types (13).

Examples of this classification scheme are depicted in Fig. 6,
A-C. The alveolar lining type of lung tumor was composed of
poorly oriented oval or cuboidal cells which proliferated in the
alveolar septae and ultimately collapsed the alveolar space (Fig.
6/1). The margins of the tumor were not discrete since adjacent
normal alveolar septae were infiltrated with tumor cells and
adjacent tissue was not compressed. The nuclei of alveolar
lining type tumors were round and uniform in contrast to those
of the papillary adenoma which were elongated and cleaved or
folded (13).

The alveolar lining-papillary type of tumor had features in
termediate between the alveolar lining and papillary types (Fig.
tiH). These adenomas had discrete margins compressing adja
cent normal tissue, and the cells were oriented as one-cell-thick
rows and/or as convoluted ribbons. The cells did not form
papillary tufts with well-defined fibrovascular stalks as seen in
papillary adenomas. The nuclear morphology in these tumors
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Fig. 5. Gross morphology of lung tumors in
duced by INI on Days 10, 13, or 15 of gestation
when found at necropsy 6 mo after treatment.
Tumors are indicated by arrows. A, multiple lung
tumors induced on Day IS of gestation. II. single
slightly irregular lung tumor induced on Day 13
of gestation. C, one large lung tumor composed
of an aggregate of smaller nodules induced on
gestation Day 10.

was variable, ranging from rounded nuclei to large, elongated,
folded, or cleaved nuclei.

In general, papillary lung tumors were larger than alveolar
lining tumors (Fig. 6C). They had discrete borders and com
pressed adjacent lung tissue. In addition, they contained large
spaces which were filled with individual papillary tufts. Each
branching tuft had a distinct fibrovascular stalk and was lined
by a single layer of columnar cells. These cells contained basal ly
located, large, elongated, irregular nuclei that were frequently
cleaved or folded.

A remarkable difference was found in the relative proportion
of the three histolÃ³gica! types of lung tumors as a function of
the day of gestation on which ENU was administered. The
proportion of adenomas which were either alveolar lining type

or alveolar lining-papillary and papillary types in each group is
shown in Fig. 7. The distribution of tumor types was similar in
all transplacentally exposed mice with the papillary type pre
dominating. In contrast, the ENU-treated adults had alveolar
lining adenomas as the major histolÃ³gica! type. There was not
a marked difference in adenoma type between transplacentally
exposed male and female mice.

By gross observation, tumors from mice exposed on gestation
Day 10 (Fig. 5C) appeared to be composed of multiple coalesc
ing nodules in contrast to the smaller, discrete, round, single
nodules observed in Day 15 mice (Fig. 5,4). These architectural
differences were also evident histologically. As indicated in Fig.
8/1, tumors from Day 10 animals were composed of multifocal
coalescing masses that represented the entire spectrum of his-
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Fig. 6. Microscopic appearance of lung tu
mors representing the classification scheme used
in this study. These tumors are typical of tumors
induced on gestation Day 15 in adult mice and in
control mice. A, alveolar lining type, poorly de
fined tumor margins (hur = 33 Â«m).B, alveolar
lining-papillary type, discrete margins compress
ing adjacent lung tissue (arrow, bar = 25 ^in). C,
papillary type contains papillary fronds extending
into open spaces (arrow) and compresses adjacent
lung tissue (hur = 36 /im). Ã¯fiJ â€¢'.'â€¢Â»

j.-

f

tological types from alveolar lining to papillary. However, each
individual tumor was composed of nodules of the same histo
lÃ³gica!type. On of the largest tumors in this series was com
posed predominately of the least aggressive alveolar lining-type
adenomas (12, 13). All but one of the tumors induced on Day
10 have a unique mult Â¡nodularhistolÃ³gica! appearance that was
clearly distinguishable from tumors induced on Day 15 of
gestation, untreated mice, or treated adults.

Lung tumors in mice treated with ENU on gestation Day 13
were larger and more irregular than those induced in either
gestation Day IS or in adult animals. Histologically, these
tumors were composed of tightly packed coalescing adenoma-
like masses of similar histolÃ³gica! grade (Fig. SB).

The histological appearance of lung tumors in mice treated
with ENU on gestation Day 15 was similar to that seen in
ENU-treated adults and in spontaneously arising tumors of
control animals (Fig. 6, A-C). There was no evidence of a
multinodular or aggregate pattern in these tumors.

$&t. r.

13 15 ADULTS
TIME OF ENU EXPOSURE

Fig. 7. Proportional differences in histological lung tumor types of all lung
tumors found in each group as a function of the day of gestation that ENU
treatment occurred. AL, alveolar lining tumors; /'. papillary tumors.

DISCUSSION

The present report indicates that transplacental exposure to
ENU, a known carcinogen, on gestation Days 10, 13, or 15
results in both quantitative and qualitative differences in lung

tumors in C3HeB/FeJ mice. These differences could be due to
the proliferation rate or the differentiation characteristics of
fetal lung cells at risk or to other factors. Our previous results
in C3HeB/FeJ mice indicate that there is no effect of gestational
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B

Fig. 8. Microscopic morphology of large lung tumors composed of aggregated
smaller tumor nodules which were induced by ENU early in gestation. A, single
lung tumor induced on gestation Day 10 occupies the entire frame; individual
nodules which compose the large tumor are indicated by arrows (bar = 77 ^m).
B, irregular lung tumor induced on gestation Day 13 (bar = 38 //in).

age on the availability of ENU to the fetus or in the amount of
ENU binding to fetal DNA (14).

Our results are in agreement with those of other investigators
who showed that the quantitative lung tumor response follow
ing transplacental exposure of mice to carcinogens correlated
well with the gestational stage of fetal development (3, 5, 8).

For example, after Day 12 of gestation, ENU has been shown
to produce an increase in the lung tumor response in various
mouse strains with a peak response (above adult levels) in
animals exposed on gestation Day 16 (3). This was followed by
a reduction in the response at later stages of gestation or when
exposure occurred after birth. We observed a similar relation
ship between the stage of gestation and the induction of lung
tumors; however, we found a small but significant lung tumor
induction as early as Day 10 of gestation. These changes in the
lung tumor responses to ENU have been correlated with fetal
body weight, fetal lung weight, number of lung cells, and rate
of lung cell proliferation (3,8,15). Similar results were obtained
for tumor induction in other rodent tissues, including mouse
skin (16, 17) and rat brain (1) following transplacental exposure
to carcinogens.

In the present study, there appeared to be a stronger corre
lation between the number of lung tumors and fetal body weight
(Fig. 3, A and B) than between the number of lung tumors and
gestational age at the time of exposure to ENU (Fig. 2A). In
addition, there was a strong correlation between the natural
logarithm of the number of lung tumors and the gestational age
at the time of ENU treatment (Fig. 3B). These data suggest
that lung tumor induction by ENU in fetal mice is correlated
with an exponentially expanding population of epithelial target
cells in the lung. It should be pointed out, however, that
increasing cell numbers are associated with other develop-
mentally related changes occurring in the fetus so that the
number of cells at risk is not necessarily the only important
factor in tumor induction and development.

In the present study, there was an inverse relationship be
tween the volume of ENU-induced lung tumors and the age of
the mice at the time of ENU treatment (Fig. 4, A and B). Our
explanation for this observation is that cells transformed at
early stages of lung development would undergo a higher num
ber of cell divisions prior to necropsy due to gestational devel
opment than cells transformed at later periods of fetal life when
growth slows (18). This explanation is supported by our obser
vation that, as with tumor numbers, the natural logarithm of
tumor volume is linearly related to the day of gestation at which
ENU treatment occurred (Fig. 4B). Therefore, the exponential
differences in lung tumor volume appear to be due to differences
in the exponential proliferation of a cell transformed during
different stages of gestation. In addition, differences in the
number of population doublings required to account for differ
ences in lung tumor volume between Days 10, 13, and 15 of
gestation were similar to differences in the number of popula
tion doublings required to account for the increase in mean
fetal weight on these days of gestation.

It is interesting to note that lung tumors induced on gestation
Day IS, while significantly larger than lung tumors induced in
adult mice, are only about twice as large as those in the adult.
This suggests that from Day 15 to adulthood there are only
small differences in the number of population doublings which
occur following tumor induction to produce a tumor. In con
trast, there is a 167-fold difference in the mean size of lung
tumors induced on Day 10 and those induced in adults. There
fore, the clonal expansion of transformed cells may be much
greater if tumor induction occurred early in development than
if tumor induction occurred in the adult. The risk of tumor
progression due to a large clonal expansion of an initially
transformed cell is predicted to be much greater in current
multiple-hit carcinogenesis models (19).

The gross and microscopic appearance of lung tumors (Figs.
5C and SA) induced on gestation Day 10 which was clearly
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distinguishable from all tumors induced on Day 15 of gestation,
controls, or treated adults indicates that each tumor is com
posed of an aggregate of smaller nodules. This unique appear
ance suggests that there was a region of lung in which many
smaller adenomas were formed and subsequently coalesced into
a larger mass. The number of ENU-induced lung tumors found
in mice that were exposed on gestation Day 10 is so low that a
tight aggregation of individually transformed cells in a single
lung seems highly improbable. Although local invasion of these
large tumors may explain their unique morphology, an alter
native hypothesis, which is consistent with our observations on
lung tumor size, is also possible. We postulate that a cell
transformed at some early stage of development could continue
to divide at a rapid rate as do other fetal lung cells, and
eventually it populates a region of the lung with transformed
progeny that ultimately form an aggregate tumor. (Fig. 5C).

In the present study, mice exposed to ENU during gestation
developed predominately papillary tumors (Fig. 7). It is unclear
whether the increased papillary nature is indicative of progres
sion of these tumors to a more malignant phenotype than
tumors induced in adult mice or is due to some other aspect of
lung cell differentiation during gestation.

While other investigators have noted that lung tumors in
duced on Days 15-16 or earlier are larger and more papillary
in morphology (2, 3), the data we have presented on the inverse
correlation between tumor size and transplacental exposure to
ENU at various stages of fetal development as well as the
unique aggregate morphology of lung tumors induced early in
gestation (Figs. 5C and SA) represent the first detailed and
quantitative report of these phenomena in mouse lung tumors.
Similar results were observed in liver tumors induced trans-
placentally by ENU in the mice used for the present study.3

Our evidence suggests that differences in the extent of expo
nential expansion of transformed cells during gestational de
velopment may be responsible for these observations. In the
past, attention has been focused on transplacental carcinogen-
esis due to the greater numbers of tumors induced during
gestation when compared to exposed adults. Our data suggest
that another important aspect of transplacental exposure to
carcinogens may be the great clonal expansion of transformed
cells which occurs during gestational development. If true, the
implications of this phenomenon are potentially significant to
the mechanisms of carcinogenesis and suggest that tumors
initiated early in fetal development could progress more rapidly
and represent a greater carcinogenic risk than cells transformed
later in development.

3 D. G. Branstetter, manuscript in preparation.
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