
ICANCER RESEARCH 50. 2404-2410. April 15, 1990]

Expression of the Retrotransposons, Intracisternal A-Particles, during Neoplastia

Progression of Mouse Mammary Epithelium Analyzed with a Monoclonal
Antibody1

Bonnie B. Asch2 and Harold L. Asch

Department of Experimental Pathology, Roswell Park Memorial Institute, Buffalo. New York 14263-0001

ABSTRACT

In order to develop neÂ» probes for investigating cellular alterations
accompanying neoplastic progression of mouse mammary epithelium, rat
monoclonal antibodies were prepared against cytoskeletal extracts of
cultured normal and malignant mouse mammary epithelial cells. One of
these antibodies, V'GIO, reacted in immunofluorescent staining with the

majority of mouse mammary epithelial cells from hyperplastic alveolar
nodule outgrowth lines of hormonal, chemical, and viral etiologies and
the primary adenocarcinomas arising spontaneously from the nodules.
Moreover, most mammary carcinomas developing in I! U It il( Ml.
BALB/cV, and 7,12-dimethylben/.anthracene-treated BAI.B/c mice also

had cells recognized by YG10. In contrast, normal mouse mammary
epithelial cells from virgin and pregnant mice Â»ereunreactive. Immunoe-

lectron microscopy identified the reactive component in the abnormal
cells as intracisternal A-particles (lAPs), endogenous rctrovirions with

the ability to transpose in the mouse genome. Western blotting experi
ments established that the \ (.III antibody is specific for the M, 73,000
gag protein of lAPs. The results indicate that expression of lAPs is a
common occurrence in the evolution of malignancy in mammary epithe
lium of BAI.B/c mice and may be induced during the transformation of
normal cells to the preneoplastic stage. Expression of lAPs is therefore
a candidate marker for a step in neoplastic progression in this system
and has the potential for contributing to the carcinogenic process.

INTRODUCTION

Neoplastic progression in MMEC1 most probably comprises

a continuum of sequential steps (recently reviewed in Refs. 1
and 2). Defining these steps at the cellular and molecular levels
is crucial to understanding the underlying mechanisms in mam
mary tumorigenesis. Preneoplastic transformation of normal
cells and malignant transformation of preneoplastic cells rep
resent two major events in the continuum. Preneoplasia begins
with initiation of normal cells to an altered state, is manifested
by the emergence of a recognizable lesion such as an alveolar
or ductal hyperplasia, and terminates when the cells achieve
malignancy, i.e., have the ability to invade the stroma and grow
outside the mammary fat pad (1-4). As yet, "initiated" cells

have not been visualized, although their presence can be de
tected in a bioassay (3, 4).

The major challenges are to determine the intervening steps
within these two end points, to develop markers which can
signify particular changes in the cell(s) involved, and to identify
the factors responsible for the progression from one stage to
the next. Although hyperplastic and malignant lesions can be
recognized by their architectural deviations when compared
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with normal tissue, on a cell-to-cell basis normal, preneoplastic,
and malignant MMEC are indistinguishable (1,2, 5). More
over, there is currently no means of discriminating among these
cells in culture (1, 2, 5, 6).

During the course of analyzing and comparing the cytoskel
etal composition of normal and malignant MMEC with the
aim of developing such markers, we prepared rat MAbs against
cytoskeletal extracts isolated from these two cell types. In this
paper, we describe one of the MAbs, VG10, which reacted in
immunocytochemistry with many preneoplastic and malignant
MMEC but not with normal cells. Immunoelectron microscopy
and immunoblot studies have identified the reactive compo
nents in the abnormal cells as lAPs, endogenous, defective
retrovirions that can behave as retrotransposons (recently re
viewed in Ref. 7). The results indicate that altered expression
of lAPs is a common aberration in gene expression during
mammary tumorigenesis regardless of etiology.

MATERIALS AND METHODS

Mammary Tissues. Mammary tissues Â»ereobtained from adult fe
male mice. Normal mammary gland was taken from either virgin or
14- to 18-day-pregnant BALB/cCrl and BALB/cfC3H mice. Mice
bearing three different outgrowth lines of HAN were provided by Dr.
D. Medina, Baylor College of Medicine. These lines are well-character
ized mammary preneoplasias and included the D2, which originally
developed in a mouse after hormonal stimulation (8), the C4, which
arose in an animal fed DMBA (9), and the CV2. derived from a mouse
infected with MMTV (10). All three were propagated by serial trans
plantation in mammary fat pads of syngeneic female BALB/c mice
from which the host epithelium had been excised (II). Malignant tissue
was obtained from adenocarcinomas arising spontaneously as primary
neoplasms from the three preneoplastic HAN lines. These neoplasms
are referred to as D2, C4, and CV2 tumors, respectively. Primary
carcinomas that developed in untransplanted mammary tissue of virgin
BALB/c mice fed DMBA and of BALB/cfC3H and BALB/cV mice
were also used. For DMBA treatment, 8-wk-old mice received either a
single dose of 75 ^g or 4 to 5 doses of 1 mg each at weekly intervals by
gastric intubation (12). Mice treated with DMBA and maintained as
virgins develop ductal hyperplasias and carcinomas (12), whereas
BALB/cfC3H and BALB/cV mice, which harbor exogenous MMTV.
develop HAN and adenocarcinomas (10, 13).

Mammary Cell Cultures. Primary cultures were prepared by enzy
matic dissociation of freshly excised mammary tissues as detailed
elsewhere (14). The cells were grown in plastic dishes (Corning, NY)
in DMEM supplemented with 13% FBS, 18 mM /V-2-hydroxyethylpi-
perazine-jV'-2-ethanesulfonic acid, and gentamicin sulfate at 50 ug/m\

(all from GIBCO, Grand Island, NY). MMEC grown under these
conditions and transplanted into the mammary fat pads of syngeneic
hosts produce the same type of normal or abnormal epithelium as that
from which they were derived (15).

Cytoskeletal Extracts. Cytoskeletal fractions were extracted from
confluent mammary cultures 2 to 4 days after plating by the method
reported previously (16).

Production, Screening, and Subcloning of Hybridomas. Cytoskeletal
extracts isolated from primary cultures of normal mammary cells and
CV2 tumor cells were combined in a 1:3 ratio, respectively, to yield a
preparation of 30 mg/ml (wet wt/vol) in sterile PBS containing genta-
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micin sulfate at 50 Mg/ml. The mixture was sonicated to produce a fine
paniculate suspension and divided into aliquots. A male LOU rat was
given three injections of this material as follows. First, 0.2 ml of the
cytoskeletal preparation were combined with 0.1 ml of PBS and 0.3 ml
of Freund's complete adjuvant and injected at multiple sites i.m., s.c.,
and i.p. Two subsequent injections given at successive 3-wk intervals
consisted of the same cytoskeletal preparation emulsified with an equal
volume of Freund's incomplete adjuvant and administered in similar

sites. For the fourth and fifth inoculations, a cytoskeletal extract derived
from cultured D2 tumor cells was processed in the same way as the
other extracts and mixed with an equal amount of Freund's incomplete

adjuvant. The fourth booster was given 3 wk after the third, and the
final booster, containing no adjuvant, was administered i.p. 2 wk later.
Antibody response was monitored in blood samples taken 1 wk after
each injection.

To generate hybridomas, spleen cells harvested from the rat 4 days
after the final injection were fused with YB2/0 rat myeloma cells
(American Type Culture Collection, Rockville, MD) (17) according to
the procedure in Ref. 18 as modified in Ref. 19. The myeloma cells
were treated with 50 ng/ml of Colcemid (GIBCO) for 21/: h prior to

and then during fusion as described in Ref. 20. After fusion, the cells
were resuspended in DMEM containing 20% FBS without Colcemid
and seeded into 96-well culture dishes.

The following day, all wells received DMEM containing 20% FBS
and hypoxanthine:aminopterin:thymidine. Thereafter, cells were fed
every 48 h with DMEM supplemented with 20% FBS, hypoxan-
thine:aminopterin:thymidine, and 25% 24-h-conditioned medium from
the parental YB2/0 myeloma cells. When substantial growth of the
hybridomas had been established, the supernatant of each was screened
for the presence of MAbs by indirect immunofluorescence on normal
and malignant M MEC. One hybridoma. designated VGIO, was chosen
on the basis of its reactivity for further study. After subcloning twice
by limited dilution and rechecking for antibody production, the VGIO
hybridoma cells were propagated in DMEM supplemented with 10%
FBS. Culture supernatants were collected as sources of the MAb and
used undiluted in all experiments. The immunoglobulin subtype of the
VGIO MAb was determined with an isotyping kit for rat immunoglob-
ulins (1CN Biomedicals. Inc., Lisle. IL).

Antibodies and Immunocytochemistry. Additional antibodies used in
this study included a broad spectrum rabbit antikeratin antiserum
(DAKO Corp.. Santa Barbara, CA) and a mouse antikeratin MAb
(DuPont Co., Wilmington, DE), both of which detect all MMEC in
primary culture (21), a goat antiserum specific for vimentin (21), and
B4, a mouse antiactin MAb (22) which recognizes only myoepithelial
cells of mouse mammary epithelium in vivo and in culture.4 A rabbit

antiserum specific for the p73 major core protein of lAPs (23) was a
gift from Dr. E. Kuff, NCI.

For immunofluorescence, MMEC grown on glass coverslips were
fixed for 5 min or longer in absolute methanol followed by 5 min in
acetone at -20Â°C and rehydration in PBS. Staining was performed

with appropriately diluted primary antibodies and fluorescein and rho-
damine-conjugated secondary antibodies as described (24). Alterna
tively, cells were stained using a biotin-conjugated secondary antibody
and then fluorescein-tagged avidin. Secondary and tertiary reagents
were purchased from Cooper BiomÃ©dical.Inc., Malvern, PA.

Frozen sections of mammary tissues were prepared according to the
procedure described (25). After fixation in acetone, the frozen sections
were processed for indirect immunofluorescence (24). Stained cells and
tissues were viewed by epifluorescence in an Olympus photomicroscope
and photographed using Kodak Tri-.\ film at ASA 800.

Electrophoresis and Immunoblotting. Purified lAPs and core proteins
isolated from lAPs were obtained from Dr. E. Kuff, NCI. Their prep
aration and characterization have been reported (26). These samples
and pellets of cytoskeletal extracts from MMEC were prepared for one-
dimensional PAGE by solubilizing as described (16). Electrophoresis
was performed according to the method of Laemmli (27) with modifi
cations published elsewhere ( 16), except that minigels (7.5 cm x 10 cm;
BioRad, Richmond, CA) were used. Molecular weight standards were
obtained from BioRad (phosphorylase b, M, 97,400; bovine serum

4 B. Asch and J. Lessard, unpublished results.

albumin, M, 66,200; ovalbumin, M, 45,000: carbonic anhydrase, M,
31,000; soybean trypsin inhibitor. M, 21,500; and lysozyme, M, 14,400)
and Sigma Chemical Co. (prestained standards: Â«-2-macroglobulin, M,
180.000; /i-galactosidase. M, 116,000; fructose-6-phosphate kinasc, M,
84,000: fumarase, M, 48,500; lactic dehydrogenase, M, 36,500: and
triosephosphate isomerase. M, 26,600).

Proteins separated elcctrophoretically on gels were clectroblotted
onto nitrocellulose (28) and stained with antibodies using indirect
immunoperoxidase with 0.05% 4-chloro-l-naphthol (Sigma Chemical
Co., St. Louis, MO) as the color reagent. Total protein was visualized
by India ink staining (29) of the blot after the immunologie-ai reaction

had been photographed. Nitrocellulose blots of purified MMTV and
intracytoplasmic A-particles were gifts from Dr. G. Smith, NCI.

In one experiment, the VGIO MAb was absorbed with IAP proteins
as follows. IAP core proteins solubilized in sodium dodecyl sulfate were
applied to small pieces of nitrocellulose, which were dried, washed in
PBS to remove the sodium dodecyl sulfate, and used as solid-phase
absorbents. The MAb was diluted 1:60, its end point of reactivity as
assayed by immunofluorescence staining of D2 tumor cells, and then
incubated with the nitrocellulose containing the IAP material at 37*C

for 1 h. Another sample of the diluted VGIO was incubated with
untreated nitrocellulose as a control. Thereafter, both antibody prepa
rations were removed and used either directly in immunofluorescence
staining or diluted further to a final 1:90 dilution for immunoperoxidase
staining of Western blots.

Immunoelectron Microscopy. All procedures were done at room
temperature except where indicated. At 3 to 4 days postplating, sub-
confluent MMEC grown on glass coverslips were fixed in PBS contain
ing 0.5% glutaraldehyde. pH 7.4, for 1 h. The cells were permeabilized
by treatment for 15 min at 37Â°Cwith 1% saponin in PBS containing

0.1% BSA serum albumin (PBS/BSA). Endogenous peroxidase activity
was eliminated by submersion of the coverslips in 0.3% hydrogen
peroxide in methanol for 30 min, followed by a 30-min incubation in
5% normal goat scrum in PBS. The cells were then incubated with the
VGIO MAb or the DuPont antikeratin mouse MAb for 1 h, washed
thoroughly in PBS/BSA/0.05% saponin, and incubated with a peroxi-
dase-conjugated goat anti-rat or anti-mouse immunoglobulin antiscrum
(Cooper) for 1 h. After multiple washes in PBS/BSA/0.05% saponin
and then in 50 niM Tris-HCl, the samples were treated with 0.1%
diaminobenzidine in the presence of 0.01% hydrogen peroxide in Tris-
HCl for 30 to 60 min. Finally, the cells were fixed for 15 min in 1%
glutaraldehyde in PBS, postfixed in 1% osmium tctraoxide, and proc
essed for electron microscopy. Cells were viewed in a Siemens 101
electron microscope.

RESULTS

Immunocytochemical Reactions of the VGIO MAb. Fusion of
YB2/0 rat myeloma cells with spleen cells from a LOU rat
which had been immunized with cytoskeletal extracts from
normal and malignant MMEC yielded a total of 83 antibody-
producing hybridomas. All of these antibodies reacted with
cultured MMEC in indirect immunofluorescence. However,
only one of the hybridomas, designated VGIO, produced an
antibody which recognized D2, C4, and CV2 mammary carci
noma cells in culture but not normal cells from either virgin or
pregnant mice (Fig. 1) as summarized in Table 1. The staining
occurred as a granular aggregate in the perinuclear zone and
was inconsistent with any of the three major cytoskeletal ele
ments, microtubules, microfilaments, or intermediate fila
ments. Culture supernatant from the YB2/0 myeloma cell line,
used as a control, did not react with any cells (not shown).
Dual-label immunofluorescence with the VGIO antibody in
combination with an antikeratin or antivimentin antiserum
demonstrated that only epithelial cells were detected by the
MAb (not shown). When cultures were stained simultaneously
with VGIO and an antiactin MAb which recognizes only myo
epithelial cells, many of the latter cells reacted with VGIO (not
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Fig. 1. Mouse mammary epithelium stained
by indirect immunofluorcscence with the
VG10 MAb. a to d, f, MMEC in primary
culture; e, frozen tissue section; a. D2 tumor;
ft, C4 tumor; e. CV2 tumor; d, normal virgin;
e, C4 tumor;/, D2 HAN. MMEC from normal
pregnant mice gave the same results as those
from normal virgins. N, nucleus. Bar, 25 pin.

Table 1 Immunocytochemkat reactions of MMEC in primary culture with the
I'GlOMAb

No. of
Derivation of cellscultures"NormalVirginPregnantD2

carcinomaC4
carcinomaCV2
carcinomaD2
HANC4HANCV2

HANBALB/cfC3H
carcinomaBALB/cV
carcinomaDMBA

carcinomaType
I7Type

2Â«10101064422S.122%of

reactive
cultures0*'0*'100''lOO*100"100''100''100''80'66'100'100''%

of reactive
cells/culture*0080-9070-9070-9075-9060-8070-901-805-251-560-90Reactionc3+3+3+3+3+3+1-2+1-2+1-2+1-2+

* Each culture was derived from a different tissue sample.
4 Determined by counting at least 400 cells in 10 microscopic fields of each

cell preparation. The numbers indicate the range of percentages observed based
on all samples ofthat type examined.

c Relative amount of fluorescence exhibited by majority of cells in the culture.

Examples of cells displaying the different reactions are shown in Fig. 2.
*By indirect Â¡mmunofluorescence.
' By avidin-biotin immunofluorescence.

Tumors induced by treating BALB/c mice with 75 ^g of DMBA.
* Tumors induced by treating BALB/c mice with 4 to 5 mg of DMBA.

shown). These results indicated that expression of the reactive
substance occurred in both epithelial and myoepithelial cells.

To verify that the structure recognized by VG10 was not
restricted to tumor cells growing in culture, the MAb was used
in indirect immunofluorescence to stain frozen sections of tissue
taken from each type of tumor and from normal mammary-

gland of virgin, pregnant, and lactating mice. Again, staining

was juxtanuclear in epithelial cells of the three tumor specimens
(Fig. 1), whereas epithelium in normal mammary tissue was
always unreactive. Stromal staining was not detected in any
sample.

Primary cultures of MMEC from D2, C4, and CV2 HAN
were also examined by immunofluorescence with VG10 MAb
to determine if expression of the component was found in
preneoplastic as well as malignant cells. The results were the
same as those obtained with the tumor cells (Fig. 1; Table 1).

Although the D2, C4, and CV2 tumors develop sponta
neously as primary carcinomas, the preneoplastic HANs from
which they arise have been propagated by serial transplantation
for many generations (11). We therefore examined MMEC
from primary mammary carcinomas which developed in BALB/
cfC3H and BALB/cV mice and in BALB/c mice fed DMBA,
none of which involved transplanted tissue. Cultures from most
of these tumors contained cells recognized by the VG10 MAb
in immunofluorescence (Fig. 2; Table 1). Interestingly, cultures
derived from carcinomas induced by treatment of mice with 4
mg of DMBA had a majority of reactive cells, whereas cultures
prepared from carcinomas induced by 75 Â¿igof DMBA had
only a small minority detected by the MAb.

Specificity of the VG10 MAb. The component recognized by
VG10 in reactive cells was identified by immunoelectron mi
croscopy. D2 tumor and normal cells were stained with the
MAb by indirect immunoperoxidase and examined in the elec
tron microscope. While no reaction was seen in normal cells,
staining in tumor cells was localized on virus-like particles
present in the endoplasmic reticulum (Fig. 3). Detailed inspec
tion of the particles revealed them to have the "doughnut"
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Fig. 2. Staining with the VG10 MAb by
the fluorescent avidin-biotin method of
MMEC in primary cultures derived from pri
mary carcinomas of BALB/cfC3H mice (a),
BALB/cV mice (e), and DMBA-treated
BALB/c mice (c). A/,nucleus. Large arrow, ÃŒ+
reaction; small arrow, 2+ reaction; arrowhead.
1+ reaction. The reactivities of most cells in
these cultures appear to be considerably less
than those shown in Fig. 1. Bar, 25 um.

n

b â€¢¿�_
Fig. 3. Immunoelectron microscopy with the VGIO antibody. D2 tumor cells

in primary culture were stained by indirect immunoperoxidase using the MAb
and then processed for electron microscopy. The reaction product is localized on
lAPs. N, nucleus. Bar in a, 500 nm; bar in h, 100 nm.

morphology typical of lAPs (30). In contrast, no staining of
lAPs was detected when D2 tumor cells were stained with a
mouse MAb specific for keratins, although intermediate fila
ments were strongly reactive (not shown).

Isotyping of VGIO by radial double immunodiffusion indi
cated that the MAb was of the rat IgG2a subclass. The antibody
was characterized further in immunoblotting experiments. Pro
teins in cytoskeletal extracts of normal and D2 tumor MMEC
were separated by one-dimensional PAGE and electroblotted

onto nitrocellulose. When the blots were stained by indirect
immunoperoxidase with VGIO, a broad apparent M, 66,000-
68,000 band was detected in samples of D2 tumor cells, while
no reaction was found with preparations from normal cells (Fig.
4/1). Similar results were obtained with whole cell lysates of D2
tumor, normal, and BALB/cfC3H tumor MMEC (Fig. 4ÃŸ).In
all cases, the reactive band did not correspond to any major
protein band and was inappropriate for the three main cyto
skeletal proteins in MMEC, tubulin, actin, or keratins.

As immunoelectron microscopy indicated that VGIO recog
nized lAPs (Fig. 3), the MAb was used to stain blots of purified
lAPs and core proteins isolated from lAPs that had been
separated by one-dimensional PAGE. Again a broad M,
66,000-68,000 band was detected (Fig. 5A). On gels of 8% or
12.5% total acrylamide, the molecular weight of the polypeptide
recognized by VGIO was estimated to be 66,000 to 68,000 as
determined with molecular weight standards procured from two
vendors (data not shown). In these gels, the reactive band always
migrated at or slightly above the bovine serum albumin standard
(M, 66,200). In contrast, a negligible reaction was obtained
with blot preparations of purified MMTV and intracytoplasmic
A-particles (not shown), which share some gene sequence ho-
mology with lAPs but no antigenic determinants (7). An anti-
serum specific for the p73 major core protein of lAPs (23)
recognized the same two bands as the VGIO MAb in blots of
the D2 tumor cells and core preparations of lAPs along with
minor additional bands (Fig. 5B). This antiserum also produced
the same staining pattern in immunofluorescence with the D2
tumor cells as the VGIO MAb while giving no reaction with
normal cells (not shown).

As another measure of specificity, an absorption experiment
was performed. A sample of VGIO was incubated with IAP
core proteins that had been bound to nitrocellulose. A control
sample was incubated with untreated nitrocellulose. The anti
body preparations were then used to stain D2 tumor cells by
indirect immunofluorescence and to stain blots of electrophor-
etically separated cytoskeletal proteins from D2 tumor cells by
indirect immunoperoxidase. In both cases, the control antibody
gave a strong reaction, while the IAP-absorbed antibody pro
duced barely detectable staining (not shown).

DISCUSSION

To our knowledge, the VGIO antibody is the first MAb
specific for lAPs (7) and provides a new probe for studying
these enigmatic entities. lAPs are defective retrovirions with
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A
12 34

66 '

B
123 456

A
1234 5 6 1 2

66

Fig. 5. Reactivity of monoclonal and polydonal antibodies with IAP compo
nents in Western blots. Samples of D2 HAN cytoskeletal extract (Lanes I and
4), IAP core proteins (Lanes 2 and 5). and purified lAPs (Lanes 3 and 6) were
separated by electrophoresis on Scc acrylamide minigels, electroblotted onto
nitrocellulose, and stained first with antibody (ImanesI to 3) and then with India
ink (Lanes 4 to 6) to visualize total proteins. In A, the V'GIO MAb has recognized

one major band, migrating at or slightly above the M, 66.000 marker (bovine
serum albumin), in Lanes I to 3. In B, an antiserum specific for the IAP p73 has
stained a reactive band in Lanes I to 3 that comigratcs with the VGlO-reactive
band in I. India ink staining in Lane 5 demonstrates that the major band in IAP
core preparations, the pli. is the only component detected by both the MAb and
the antiserum in Lane 2.

66

Fig. 4. Western blots of M M EC samples stained by the VG10 MAb. Cyto
skeletal extracts and whole cell lysates from MMEC in primary culture were
subjected to electrophoresis on 12.5rc acrylamide minigels, electroblotted onto
nitrocellulose, and probed with V'GIO. A, reactions of extracts from D2 tumor

(Lanes I and 3) and normal (pregnant) (Lanes 2 and 4) MMEC with the antibody
(Lanes I and 2) and subsequent staining of total proteins with India ink (Lanes 3
and 4). Note the reaction product, migrating parallel to the bovine serum albumin
M, 66.000 marker, seen in tumor but not normal samples. B, reactions of whole
cell lysates of D2 tumor (Lanes I and 4), normal (Lanes 2 and i). and BALB/
cfC3H tumor (Lanes 3 and 6) MMEC with antibody (Lanes I to 3) and after
staining with India ink (Lanes 4 to 6). Note that the immunoreactive component
does not correspond to any major protein band.

about 1000 multigene elements dispersed throughout mouse
nuclear DNA (reviewed in Ref. 7). lAPs are expressed in
preimplantation embryos, are transcribed at low levels in certain
normal adult tissues such as thymus, and are found in profusion
in many mouse tumor and transformed cells (7). The particles
mature in the cisternae of the endoplasmic reticulum but never
leave the cell. The complete IAP genomic element is 7 kilobases
in size with gag, pol, and env genes and LTR sequences, struc
tural features characteristic of retroviruses.

Despite our molecular weight estimate of 66,000 to 68,000
for the polypeptide detected by VG10, this component is clearly
the same as the p73 protein of lAPs (26), because both the
VG10 MAb and the p73-specific antiserum (23) recognize the
identical polypeptide in Western blots containing D2 HAN
cytoskeletal extract, whole lAPs, and IAP cores (Figs. 4 and
5). This is particularly evident with Western blots of IAP cores,
where only one major protein, the p73. is present. Our molec
ular weight determination was based on the use of commercially
available molecular weight standards. Bovine serum albumin,
rated as M, 66,200 (amino acid composition-based molecular
weight is 66,500), migrates at or slightly below the VG10-
reactive band in PAGE. Earlier descriptions of the p73 reported

similar findings with bovine serum albumin and the p73 protein
moving parallel (26), but extrapolation to 0% total acrylamide
in Ferguson plots yielded a molecular weight of 73,000 (26).
Moreover, determination of the amino acid composition of the
protein confirmed its M, 73,000 size (26). As blot studies
indicated that VG10 does not detect any proteins of MMTV
or intracytoplasmic A-particles, we conclude that the MAb is
specific for the p73 protein of lAPs.

The presence of the p73 in cytoskeletal extracts of MMEC
suggests that the protein and, perhaps, lAPs are associated with
a cytoskeletal component. As microtubules are not conserved
in our cytoskeletal preparations, microfilaments and keratin
filaments would be the principal candidates for such an associ
ation. These findings are consistent with a recent report dem
onstrating that synthesis of viral proteins occurs on polyribo-
somes bound to intermediate filaments (31).

An especially significant aspect of IAP elements is their
ability to transpose, presumably through a RNA intermediate,
with integration of DNA copies into the host cell genome at
new sites (32). The transpositions can produce insertional mu
tations, sometimes altering expression of host genes near the
new integration site (7, 32). IAP elements have been found
inserted into or near various genes in tumor cells, including
genes for the /Â¿-lightchain (32, 33), interleukin 3 (34), c-mos
(35, 36), c-myc (37), and renin (38), and in several cases caused
either increased or decreased expression of the target gene. IAP
transpositions lead to genetic instability, may affect the process
of neoplastic transformation, and may contribute to tumor
heterogeneity (7). For example, lAPs can alter expression of
oncogenes and vice versa. Insertion of IAP sequences into a c-
mos gene resulted in its transcriptional activation and conver
sion to a transformation-competent form (39). Insertional mu
tations by IAPs could thus disrupt cell-regulatory functions and
activate, enhance, or complement the effects of oncogenes (7).
Conversely, the promoter activity of a transfected IAP LTR
was greatly stimulated in cells simultaneously expressing nu
clear oncogenes such as c-myc and p-53, suggesting that the

IAP LTR may be a target of oncogene products which act as
or induce transcriptional factors (40). For these reasons, lAPs
along with other endogenous retrovirions are commanding
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increased attention as possible participants in multistage car-

cinogenesis (7, 41, 42).
IAPs were first demonstrated in normal and malignant mouse

mammary tissue by electron microscopy two decades ago (43,
44), but no data have been available on the comparative fre
quency of their expression in normal, preneoplastic, and malig
nant cells. Use of the VG10 M Ab in our study has revealed
that lAPs are consistently expressed by the majority of cells in
all transplanted mouse mammary preneoplasias examined, re
gardless of etiology, and in the primary carcinomas developing
from them. IAPs were also detected in some cells of all primary
tumors induced by DMBA and of more than half of primary
carcinomas induced in BALB/cfC3H and BALB/cV mice by
MMTV. We have also found that 90% or more of cultured
MMEC derived from a radiation-induced mammary carcinoma
in a BALB/c mouse were reactive with VG10.5 In contrast,

lAPs were not demonstrable with VG10 in normal mammary
epithelium from virgin or pregnant mice. Results with the VG10
MAb must be considered a minimal indication of the level of
IAP expression, however. The VG10 antibody is specific for
only one of at least three polypeptides encoded by the full IAP
genome (7). Cells which fail to react with VG10 might be
transcribing, with or without translation, other IAP genomic
sequences. Situations have been found wherein mRNA is pres
ent in a cell, but no corresponding protein is detected (45).
Moreover, many IAP elements, including most of those in
volved in transpositions, have substantial sequence deletions
which could also result in a lack of some or all of the p73 (7).
For this reason, the transcription of lAPs in normal and ab
normal mammary cells will be examined in our continuing
studies.

The presence of lAPs in mammary hyperplasias and carci
nomas raises the possibility that expression of lAPs might be
involved in some stage of carcinogenesis. However, as lAPs
were found in all D2, C4, and CV2 HANs but not all of these
lesions will develop cancers (11, 12), their expression is clearly
insufficient for effecting the entire process. Their occurrence in
preneoplasias suggests that induction of IAP expression may
be a relatively early event in the sequence and probably occurs
during the first stage of transformation, i.e., the transformation
of normal cells to a preneoplastic state. The cause and conse-
quence(s) of this event remain to be determined. A similar
situation has been reported in hepatocarcinogenesis wherein
activation of IAP sequences may be related to the proliferative
state of the cells (46). Our study also demonstrates that altered
1AP expression is frequent in mammary carcinomas arising
from both alveolar and ductal hyperplasias as indicated by the
result with the HAN-derived and DMBA-induced tumors, re
spectively.

By comparison with the frequent expression of lAPs during
neoplastic progression in mouse mammary epithelium, expres
sion of oncogenes such as ras, int, myc, and neu is much more
variable (reviewed in Refs. I and 2). Moreover, increasing
evidence indicates that no single oncogene can induce the entire
sequence of mouse mammary tumorigenesis (1,2, 47). One or
more additional factors are probably required. Activation of
oncogenes by proviral insertion is well documented (41, 48),
including by lAPs (39). lAPs therefore could play a role in
initiation or progression of malignant evolution in mammary
epithelium, perhaps through an interaction with oncogenes,
antioncogenes, and/or by other means.

In summary, lAPs appear to be markers related to an early

5 B. B. Asch. H. L. Asch, and R. Ullrich, unpublished results.

event in mouse mammary carcinogenesis. Although a causal
role for lAPs cannot yet be established, they have the potential
for contributing to the neoplastic process. The idea that lAPs
might be involved in mammary carcinogenesis dates back 20 yr
(43). In view of our present data and other information now
available about the properties of lAPs (7), this idea deserves
reconsideration and further investigation.
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