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Chemical Carcinogenesis in C3H/StWi Mice, A Worthwhile Experimental
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ABSTRACT

The C3H/StWi mouse subbinespontaneouslylost the
mousemammarytumor virus in 1958 and became a bow
mammary cancer strain. Previous studies have shown
that StWimiceare highlysusceptibleto mousemammary
tumorvirus(MMTV)(standard)but lesssoto infectionwith
MMTV(bow oncogenic) Unlike C3Hf mice, StWi virgin fe
males and their F hybridswith BALB/c/He mice do not
develop mammary cancer when exposed to increased
estrogenicstimulation(20% diethylstilbestrolpellets). In
contrast, after treatme@itwith 7,12-dimethylbenz(a)-
anthracene,(DMBA),46%(17 of 37) developedmammary
cancer at an average age of 7.8 months(range, 4.5 to 10
months).The tumors were mainly papillary adenocarci
nomas. Mammary dysplaslaswere found in 73% of the
whole-glandmountsexaminedat 10 months(3.6/mouse).
All but three dysplasiaswere ductal in origin. No hyper
plasticalveolarnoduleswere found.Electronmicroscopic
examinationof 14 DMBA-inducedtumorsfailed to reveal
the presenceof type A or B particles;however,11 of 14
tumorscontained buddingand extracellulartype C yin
ons. Evaluationof five DMBA-inducedmammarytumors
for MMTV-specbfic RNA sequences indicated levels as low
or lowerthan foundIn the mammaryglandsof old retired
multiparousC3H/StWi females (0.0035%). Much higher
levels (0.2 to 0.4%) of MMTV-specificRNA to total RNA
occurred in MMTV-induced C3H/StWi mammary tumors.
These results and others suggestthat the StWi subline
may represent a unique model for the study of viral,
chemical,andvIral-chemicalinteractionsinthe malignant
transformationof mammaryepithelial cells. Studies are
currentlyIn progressto evaluate the effect of the pres
ence of MMTV on the response of C3H/StWi mammary
glandsto DMBAand to screenthe DMBA-inducedtumors
by immunoperoxidasefor the expressionof MMTV-spe
cificantigenicdeterminants.

INTRODUCTION

Inbred C3H mice are characterized as a high-mammary
cancer-incidence strain (1, 19) that harbors the MMTV.2
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2 The abbreviations used are: MMTV, mouse mammary tumor virus;

MMTv(s),genericnameformousemammarytumorvirus(standard)equiva
lentto theclassicalmilk-bornevirusdiscoveredbyBittnerin 1936.A highly
oncogenic retravirus passed to the offspring via mother's milk; MMTv(L),
mouse mammary tumor virus (low oncogenic). Identical in appearance with
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DNA;DMBA,7,12-dimethylbenz(a)anthracene;MMuLv.Moloneymurine
leukemia virus.
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When the milk-borne MMTV(S) is removed by foster-nursing
C3H mice on low-cancer strains, such as C57/BI or BALB/
c, the mammary tumor incidence in the resulting C3Hf
subline is reduced and tumors develop at a later average
age (2). Mammary tumors in the C3Hf subline appear to
result from a second virus, MMTV(L), which is passed to
each offspring at conception, presumably as a provirus
(14). Therefore, the C3H mouse strain possesses 2 distinct
variants of MMTV:MMTV(S), an exogenous virus capable of
infecting susceptible animals, mainly through mothers'
milk; and MMTV(L), an endogenous virus, less potent as a
carcinogenic agent, transmitted as an integrated provirus.
The C3H/5tWi subline, which was established in 1947 from
a C3H litter, spontaneously ceased to develop mammary
cancer ii years after its inception. Subsequent studies
showed that this subline no longer was infected with
MMTV(S) but remained readily susceptible to reinfection
and to the carcinogenic actin of this virus (i7). The mam
mary cancer incidence in this subline was found to be less
than 3% in retired multiparous breeders who survived until
2 years of age. However, when MMTV(S) was reintroduced
by foster-nursing, the mammary cancer incidence became
virtually 100% in breeders at a mean age of 8.9 months.

In view of their extremely low mammary tumor incidence,
MMTV(L) does not appear to be expressed in C3H/StWi
mice. In order to evaluate this reasoning further, the effects
of estrogenic stimulation and DMBA, a potent mammary
carcinogen, on mammary tumor indicence in C3H/StWi and
BALB/cHe x C3H/StWi F1 mice was examined. As part of
these studies MMTV expression was monitored by electron
microscopy and molecular hybridization. DES did not alter
mammary tumor frequency, but C3H/StWi mice were found
highly susceptible to mammary carcinogenesis by DMBA.

MATERIALS AND METHODS

Mice. The C3H/StWi subline was established at Brown
University in Providence, R. I., in 1947 by Professor J.
Walter Wilson from a litter received from L. C. Strong, Yale
University. Mice were bred and maintained in a closed
colony at the Laboratory of Biology, National Cancer Insti
tute. All experimental mice receiving either chemical or
hormone treatment were maintained as virgins, given water
ad !ibitum , and housed 4 to 6 in a cage in a temperature
and light-cycle-controlled room. Retired breeders used in
this study were kept to 2 years of age or until tumor
development.

Carcinogens. DES was fused with cholesterol,as de
scribed by Shimkin and White (16). DES was made 20% of
themixturebyweight.One 3-to5-mg pelletwas implanted
s.c. at weaning (5 to 6 weeks). DMBA (Calbiochem, San
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No. oftumorsStrainÂ°VirusNo.
of mice with tu

mors/total no. of
miceAv.

age tumor
appearance

(mos.)positive

for
MMTV/total

examined@@C3H/StWi

C3H/He
BALB/cfC3H/He
C3H/f/He
BALB/cNIV/CRGL
C3H/StfC3H/He
C3H/StfBALB/cfC3H/HeMMTV(S)

(L)
MMTV(S)
MMTV(L)
MMTV(L)
MMTV(S)
MMTV(S)7/441

(1 .6)@'
133/134 (99)
111/ill (100)
188/471 (40)
63/197 (32)
10/10 (100)
8/8 (100)21

.2
7.2
7.1

18.8
16.9
10.6
8.10/7

6/6
7/7
7/7
8/8
4/4

7/7a
All of these mice weremultiparous retired breeders. C3H/StWi mice were kept until 2 years of

Chemical Carcinogenesis in C3H/StWi Mice

MMTV vinions, MMuLV vinions, avian myeboblastosis virus
RNA-dependent DNA polymerase were obtained through
the Office of Resources and Logistics, Virus Cancer Pro
gram, National Cancer Institute. The MMTV cDNA product,
which had a specific activity of 1.5 x 10@cpm/@g, showed
an R0t,,2 of 1.05 x 10_2 when hybridized to its template.
MMTV RNA and MMuLV levels were quantitated in ANA
extracts by the titration method (21). Hybridizations were
carried out for 48 hr in 0.6 M NaCI, 0.01 M 4-(2-hydroxy
ethyl)-i-piperazineethanesulfonic acid, (pH 7.0), and 2 mM
disodium EDTA at 68Â°.The extent of hybridization was
determined by 5, nuclease digestion.

RESULTS

Mammary Cancer Incidence in C3H/StWI Females. The
mammary cancer incidence in breeding females of the C3H/
StWi subline was compared to that of BALB/c and C3H
sublines known to express MMTV(S) and/or MMTV(L). The
mammary tumor incidence is shown in Table 1. Of 441 C3H/
St breeders kept until 2 years of age, only 7 (1.6%) devel
oped mammary tumors. All of these tumors were surveyed
intensively by electron microscopy. The morphological cri
teria for MMTV expression was the presence of intracyto
plasmic type A particles and extracellular type B vinions. All
were negative for mammary tumor virus. In contrast, all of
the mammary tumors in C3H/He, BALB/cfC3H/He, C3Hf/
He, and BALB/c (NIV+) sampled for electron microscopy
were positive for MMTV. Further, if C3H/StWi mice were
infected with MMTV(S) by foster-nursing , not only was there
a dramatic increase in mammary cancer incidence but also
each tumor sampled was positive for MMTV particles.

TumonigenicResponseof C3H/StWiFemalesand Their
Hybridsto EstrogenicStimulation.Eighteenvirgin C3H/
StWi females were implanted with 20% DES pellets s.c. at 5
to 6 weeks of age. None of these females developed
mammary cancer even though their average age of longev
ity was 24.5 months (Table 2). Twenty-four hybrid mice
(BALB/c x C3H/StWi F1)were given 20% DES pellets s.c. at
5 to 6 weeks of age. These animals were observed for
mammary tumor development until death. As indicated in
Table 2, only 2 (8.3%) of these females developed mammary
cancer, one at 25.4 months of age and the other at 30.5
months of age. These neoplasms were examined exten

Diego, Calif.), 1.0 mg dissolved in 0.2 ml cottonseed oil,
was given once a week, intragastnically, with a blunted 20-
gauge needle ending in a silver solder bulb, for 6 weeks
beginning at 8 to 13 weeks of age.

Tissue Studies. Control and experimentalmice were
examined weekly for mammary tumors. All tumors were
fixed in 2% formalin-3% glutaraldehyde (Karnovsky's fixa
tive) or in Tellyesniczky's fluid, stained with hematoxylin,
and examined histologically. Whole mounts of the mam
mary glands of tumor-bearing animals and old retired C3H/
StWi breeders were processed as described in Ref. 8. The
stained whole mounts were examined under a dissecting
microscope for ductal and alveolar dysplasias.

Electron Microscopy.One-cu mm piecesof mammary
glands or tumors were fixed in Karnofsky's fixative or in
1.5% gbutarabdehyde for 1 to 2 hr, rinsed in cold 0.1 M
sodium cacodylate buffer (pH 7.2), postfixed in chrome
osmium (6), dehydrated in a graded series of ethanol,
infiltrated, and embedded in Epon-Araldite. Prior to ultra
microtomy all blocks (2 for each experimental animal) were
cut 1 @mthick, stained with Azure II and toluidine blue, and
examined under a light microscope so that only nonne
crotic and typical carcinomatous areas were selected for
ultrastructural evaluation. Ultrathin sections (500 to 700 A)
were cut on an LKB Ultratome Ill, picked up on carbon
Formvar-coated copper grids, stained with uranyl acetate
and lead citrate, and examined in a Siemens Elmiskop 102
electron microscope. Electron micrographs were made at
initial magnifications ranging from 2,000 to 25,000 diame
tens.

Molecular Hybridization.Viral RNA levelswere quanti
tated by hybridization of cellular nucleic acid extracts to
hybridization probes (cDNA) complementary to MMTV ANA
and MMuLV ANA. Total cellular RNA was isolated by ho
mogenization of tissues in phenol-sodium dodecyl sulfate,
pH 8.0, followed by digestion with proteinase K (15) and
extraction with 3 M sodium acetate, pH 5.0, to remove DNA
contamination (12). MMTV RNA was purified from virions
produced by a C3H mammary tumor cell line, and MMuLV
RNA was isolated from vinions produced by 3T3 cells. Viral
RNA's were transcribed with avian myeloblastosis virus
ANA-dependent DNA polymerase with calf thymus DNA
fragments as a random primer to synthesize cDNA probed
representative of the entire viral genomes (11, 20). Purified

Table 1
Comparison of mammary tumor incidence in C3H/StWi mice with that in MMTV(S)- and (L)

infected strains

age.
1@By electron microscopy.

C Numbers in parentheses, percentage.
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Table2Appearance
of mammarycancer in C3H/StWimice and their hybrids receivingDESNo.

of micewith Av. agetumor No.of MMTV
mammarytu- appearance Av. age positiv&'/

Strain mors/no. of mice (mos.) death (mos.)total-

C3H/StWi 0/18 (O)b.C 24.5 0/0
BALB/c x C3H/StWi@ 2/24 (8.3) 27.7 21.2 0/2
BALB/c x C3Hf/HeF,@' 3/16 (18.7) 10.3 10.63/3a

By electron microscopy.
b Average age of death without tumor in this group was 24.5 months.
C Numbers in parentheses, percentage.

d No tumors appeared in this group until 25.5 months of age.
e Intact males were implanted with DES pellets at 1 to 2 months of age, the incidence

of mammary cancer was lower than expected due to the unusual early mortality in this
group (average age of death tumor-free was 10.6 months).

No. withNo. posi
No. with mam dysplasia/tiveformary

tumor/no. exam MMT'.P'/to MMTVRNAtotalmedtab(%total)C3H/StWi

C3H/StWi17/37
(46)'@'@

0/62 (0@11/15
(73)C

0/13 (0)0/14d0.0023
(5)@'

0.0035(5)â€•controlbreeders

G. H. Smith et a!.

sively under the electron microscope and found to be
negative for viral particles (types A and B) indicative of the
presence of MMTV(L). Mammary cancer incidence in
BALB/c/He x C3Hf/He F1 females given 20% DES pellets
has been reported to be 72% at an average age of 16
months (5), and these tumors were invariably positive for
virus by electron microscopy (18). As seen in Table 2, male
C3H/F x BALB/c F1 mice were also susceptible to estro
genic induction of mammary cancer (4), and their tumors
were positive for MMTV as well.

DMBA-inducedMammaryCarcinogenesisin C3H/StWI
Mice. C3H/StWivirginfemaleswerealsofoundto be highly
susceptible to the carcinogenic activity of DMBA. Each of
37 virgin females from 8 to 13 weeks of age was exposed to
6 mg of DMBA over a 6-week period. The tumor incidence,
the occurrence of mammary dysplasias, and the results of
electron microscopic examination of the tumors for MMTV
are shown in Table 3. Mammary tumors, often multiple,
appeared in 46% (17 of 37) ofthe experimental animals. The
earliest mammary tumor arose at 4.5 months of age, only 6
weeks after termination of the carcinogen treatment; the
last tumor appeared in a 10-month-old female. The mean
age of death was 9.1 months. No mammary tumors oc
curred in 62 control C3H/StWi breeders observed during
the experimental period. In the mammary gland whole
mounts from 15 mice, 11 (73%) contained mammary dyspla
sias, all of the ductule type; no hyperplastic alveolar areas
were found (Figs. 1 and 2). No mammary dysplasias were
found in whole mounts of 13 retired C3H/StWi breeders
over 1 year of age.

Electron Microscopyof DMBA-inducedMammary Tu
mors.Of the 17 micedevelopingmammarytumors,speci
mens from 14 were prepared from electron microscopy. At
least 2 different blocks were sectioned and examined from
each tumor. Sections 1 @mthick were prepared and stained
so that the histopathobogy of the area sampled could be
studied. No mntracytoplasmic A particles or extracellubar B
particles were observed, which indicates the absence of
endogenous MMTV expression. However, in 11 of the
tumors budding and extracellular type C particles were
readily observed (Fig. 3). The type C particles were found
within the lumina surrounded by the mammary epithelium.
Budding forms were observed only at the luminal surface of
the epithelial cells. No type C particles or budding forms
were found either at the lateral surfaces of these cells or at
the surfaces proximal to the basement membrane.

Table 3
Mammarydysp!asiaand cancer in virgin C3H/StWimice treated

with DMBA

a By electron microscopy.

b The mean latent period of tumor appearance = 7.8 months (4.5
to 10 months). Mean age of mice dying without tumors = 9.1
months.

C Numbers in parentheses, %.

d Although negative for MMTV, 11 of 14 were positive for type C

particles.
e Numbers in parentheses, number of mice.

I Breeders from April 30, 1976, to January 26, 1977, kept to at

least1yearof age.
g Pool of mammary glands from 5 retired breeders.

Molecular Hybridization.MMTV RNA levels in cellular
ANA extracts were quantitated by molecular hybridization
with a representative MMTV cDNA probe. The amount of
MMTV ANA in cellular ANA extracts was determined by
comparing the rate of hybridization observed between
MMTV cDNA and cellular ANA to the rate of hybridization
observed between MMTV cDNA and purified 50 to 705
MMTV RNA (Chart 1). In these assays the lower limit of
detection of MMTV RNA sequences in the total ANA popu
Iation was 0.0005%. Low levels of MMTV RNA were detected
in mammary tumors induced by DMBA in C3H/StWi mice
(Table 4). The percentage of MMTV ANA in these tumors
ranged from 0.0005 to 0.0044%. Similarly, low levels of
MMTV, 0.0035%, were detected in mammary tissues from
retired multiparous breeders (Table 4). In contrast, mam
mary tumors that arose in C3H/St mice infected with MMTV
by foster-nursing had high levels of MMTV RNA; the MMTV
RNA sequences represented from 0.283 to 0.428% of the
totalRNA (Table4).Thislevelissimilartothatdetectedin
C3H/Ki mammary tumors (13). RNA extracts isolated from
livers of tumor-bearing animals of both the C3H/StWi and
C3H/St@l@@ITvlines contained essentially undetectable levels
of MMTV RNA, i.e., 0.0005%. Thus, the levels of MMTV
specific RNA sequences in DMBA-induced C3H/StWi mam
mary tumors were as low as or lower than those in the
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MMTVRNA levels in normal and neop!astic tissues ofC3H/StWimiceMMTV(%ofAnimal

Tissuetotal)A.C3H/StWi
mice1

DMBA mammarytumor0.00442
DMBA mammarytumor0.00233
DMBAmammary0.0005Liver@0.00O54

DMBAmammarytumor0.0015Liver<0.00055

DMBA mammarytumor0.00276
Inactiveglanda0.0035B.C3H/SrMMTV

mice7
Spontaneoustumor0.2830Liver0.00058

Spontaneoustumor0.4280Liver0.0005a

Retired multiparous breeders.

Chemical Carciriogenesis in C3H/StWi Mice

mammary glands of normal retired multiparous C3H/StWi
breeders, whereas levels 100-fold higher than that were
present in the RNA extracted from MMTV-induced C3H/
StWi mammary tumors.

Since type C viral particles were detected by electron
microscopy in most of the DMBA-induced mammary tu
mors, hybridizations were carried out to assay for RNA
sequences homologous to RNA from a type C virus. Detect
able amounts of type C RNA were found in the majority of
tissues assayed. In agreement with electron microscopy,
the DMBA-induced mammary tumors in C3H/StWi mice
showed MMuLV RNA levels severalfold greater than that
observed in tumor-bearing C3H/StWi livers or in the mam
mary glands of retired C3H/StWi breeders (data not shown).

DISCUSSION

The present data indicate that the C3H/StWi subline is
unique in comparison to other C3H sublines. First, it is a
low-mammary-cancer-incidence strain, in contrast to other
C3H sublines. Since C3H/StWi mice spontaneously lost
MMTV(S) in 1958, they have been a low-mammary-cancer

incidence strain (1.6%) unlike C3Hf [mice free of MMTV(S)
by foster-nursing or cesarean section] sublines which con
tinue to develop mammary cancer at intermediate mci
dences (40 to 6O%). Other high mammary cancer mouse
strains, RIll and A, have been reported to have shown a
sudden decrease in mammary cancer incidence (3, 7). In
these cases the loss has been linked to individual matings
whose offspring upon subsequent pedigreed breeding have
continued to show a low mammary cancer incidence. The
disappearance of mammary cancer in C3H/StWi mice can
not be traced to one mating.

Secondly, C3H/StWi and its hybrids respond differently
to estrogenic stimulation than do other C3H sublines. The
mammary cancer incidence female in BALB/cHe x C3Hf/
He F, and C3Hf mice given 20% DES pellets was 72 and

Table 4

19% respectively (3, 5), by 16 months of age, and the tumors
were MMTV-positive by electron microscopic observation.
MMIV vinions were also seen in tumors induced in male
BALB/c x C3Hf/He F1mice by 20% DES pellets (Table 2).
From these observations we concluded that C3H/StWi does
not produce MMTV(L) as do virtually all MMTV(S)-negative
sublines produced by foster-nursing.

Previous studies have shown that reintroduction of
MMTV(S) into the C3H/StWi subline produces a high mam

mary cancer incidence (100% at 8.9 months). Our present
work shows that this C3H subline is also highly susceptible
to mammary cancer induction by DMBA. In many aspects
the response of the C3H/StWi females was similar to that of
C57/BL and BALB/c mice given a comparable regimen of
carcinogen (10). Similarto findings in these low-mammary
cancer mouse strains, the mammary dysplasias and neopla
sias produced in C3H/StWi mice were of ductal origin. No
hyperplastic alveolar nodules were found , which suggested
that the tumors arose from ductab epithebial hyperplasias.

Both of the methods used to detect activation of endoge
nous MMTV, ultrastructural observation and molecular hy
bnidization, gave results that, in agreement with the biolog
ical data, suggested that an increase in the expression of
endogenous MMTV sequences seems not to be involved in
DMBA-induced mammary carcinogenesis in C3H/StWi
mice.

It has been suggested earlier (9) that viral and chemical
carcinogens have different sites of action in the munine
mammary gland epithelial cell population. The data given
here are compatible with that hypothesis. The C3H/StWi
subbine would appear to provide an attractive experimental
model upon which further to test this supposition. Further
more, this model has the additional advantage of providing
experimental data that may bear directly on human breast
cancer since the primary lesions are ductal in origin and
since increased expression of endogenous MMTV is not
correlated with the appearance of the mammary tumors.
Unpublished data obtained by genetic crosses of C3H/StWi
mice with MMTV(L)-infected C3H sublines suggested that
C3H/StWi may repress genetically expression of endoge
nous MMTV. These assumptions will be tested further in

RNA/cDNA ( X

Chart 1. Molecular hybridizationof MMTVcDftA to MMTVRNAand to
total cellular RNAfrom C3H/StW1mammarytumors.The representative@H
labeled MMTV cDNA probe was hybridized to various amounts of purified 50
to 705 MMTV RNA or to total cellular RNA from mammarytumors as
described under â€œMaterialsand Methods.â€•The extent of hybridization,
expressed as a percentage of the input cDNA, is plotted as a function of the
ratio of input RNA to input cDNA in the titration method (21). Hybridizations
were carried out with 50 to 705 MMTV RNA(0), and with cellular RNA
extracted from either C3H/St+MMT%spontaneous mammary tumor 7 (0) or
DMBA-induced C3H/5t mammary tumor 1 (ti). The RNA/cDNA ratios used in
thesehybridizationswere (x 10Â°)with 50 to 705 MMTVANA(x 102), with
C3H/St+MMTV tumor 7 and (x 10k) with C3H/St Tumor 1.
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11. Myers, J. C., Spiegelman, S., and Kacian, D. L. Synthesis of Full-length
DNACopiesof Avian MyeloblastosisVirus RNAin High Yields. Proc.
NatI. Acad. Sd. U. S., 74: 2840-2843, 1977.

12. Palmiter, R. D. Ovalbumin Messenger Ribonucleic Acid Translation:
Comparable Rates of Polypeptide Initiation and Elongation on Ovalbu
mm and Globin Messenger Ribonucleic Acid in a Rabbit Reticulocyte
Lysate. J. Biol. Chem., 248: 2095-2106, 1973.

13. Pauley, R. J., Rosen, J. M., and Socher, S. H. MMTV and Casein
Expression during Normal and Neoplastic Mammary Tissue Develop
ment. J. Cell Biol., 75: 350a, 1977.

14. Pitelka, D. A., DeOme, K. B., and Bern, H. Virus-like Particles in
PrecancerousHyperplasticMammaryTissuesof C3Hand C3HfMice.J.
NatI. Cancer Inst., 33: 867â€”885,1964.

15. Rosen, J. M., and Socher, S. H. Detection of Casein Messenger RNA in
Hormone-dependent Mammary Cancer by Molecular Hybridization. Na
ture, 269: 83â€”86,1977.

16. Shimkin, M. B., and White, J. Absorption Rate of Hormone-Cholestrol
Pellets. Endocrinology, 29: 1020-1025, 1941.

17. Smith, G. H. Role of The Milk Agent in Disappearance of Mammary
Cancer In C3H/StWi Mice. J. NatI. Cancer Inst., 36: 685â€”701, 1966.

18. Smith, G. H., Andervont, H. B., and Dunn, T. B. Attempts to Detect
Nodule-inducing Virus in Strain RIll Mice. J. NatI. Cancer Inst., 44: 657â€”
671, 1970.

19. Strong, L. C. The Establishment of the C3H Inbred Strain of Mice for the
Study of Spontaneous Carcinoma of the Mammary Gland. Genetics, 20:
586â€”591,1935.

20. Taylor,J. M., lllmensee,A., and Summers,J. EfficientTranscriptionof
RNAInto DNAby AvianSarcomaVirus Polymerase.Biochim. Biophys.
Acta, 442: 324-330, 1976.

21. Young, B. D., Harrison,P. A., Gilmour, A. S., Bernie,G. D., Hell, A.,
Humphries, S., and Paul, J. Kinetic Studies of Gene Frequency. II.
Complexity of Globin Complementary DNA and Its Hybridization Char
acteristics. J. Mol. Biol., 84: 555-568, 1974.

Fig. 1. Example of the ductal dysplasias seen in the mammary glands of DMBA-treated C3H/StWi mice. The dense-staining intraluminal material
representsa papillaryproliferationof mammarycells insidetheenlargedduct. A duct with normaldimensionis presentin the lowerright quadrant. x 22.5.

Fig. 2. Section of the dysplasia shown in Fig. 1 . A prominent fibrovascular core, surrounded by a multilayered epithelium, projects into the ductal lumen.
x 88.

Fig. 3. Numerous budding. immature, and mature type C virions were present at the luminal surface and in the intraluminal spaces of DMBA-induced
C3H/StWi mouse mammary carcinomas. x 90,000.
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C3H/StWi mice and their hybrids infected with MMTV and/
orexposedtoDMBA.
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