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Abstract. The presence of antigen(s) related to the exogenous milk-transmitted murine
mammary tumor virus on the surface of BALB/c splenic lymphocytes has been docu-
mented previously. Since the BALB/c strain lacks murine mammary tumor virus, the
presence of murine mammary tumor virus-related antigen(s) on lymphocytes has been
ascribed to expression of germinally transmitted Mtv transcripts and proviruses were
characterized to evaluate this hypothesis. Transcripts from genomic size Mtv provi-
rus(es) accumulated in the spleen in an age-dependent manner. Two novel Mtv tran-
scripts of 7.8 and 6.4 kb were observed in the spleen. These observations indicate that
the transcriptional and translational expression of an endogenous Mtv occurs in normal

cells of the lymphoreticular lineage.

[P.S.E.B.M. 1991, Vol 196]

an exogenous, milk-transmitted type B retrovirus

that promotes mammary neoplasia by insertional
mutagenesis of cellular protooncogenes (1). The inci-
dence of mammary neoplasia in inbred mice lacking
MMTYV is influenced by a variety of factors, including
endogenous, germinally transmitted proviral DNA se-
quences, designated M:v, which are closely related to
the proviral form of MMTYV in gene organization and
sequence (1). Mouse strains devoid of MMTV, i.e,
BALB/c, have a low incidence of spontaneous mam-
mary tumors appearing only after 18-30 months of age
(2). The possible role of Mtv in such mice has not been
clearly elucidated (3, 4).

Several studies (5-7) have reported expression of
MMTV-related antigen(s) in murine spleen cells in the
absence of MMTYV infection. Splenocyte preparations
enriched for mlg* cells, but not Thy-1*-enriched pop-
ulations or thymocytes, had the MMTV-related anti-
gen(s) (6). Previous characterization of the BALB/c
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proviruses by restriction mapping (8—12) has revealed
genomic size, Mtv-8 and M1v-9, and subgenomic, Mtv-
6, proviruses. We hypothesized that expression of the
MMTV-related antigen(s) on BALB/c splenocytes is
due to expression of Mty provirus (6).

To test this hypothesis, we have characterized Mrv
RNA transcripts in BALB/c tissues. The results provide
evidence for a positive correlation between Mitv tran-
script accumulation and presence of the MMT V-related
antigen in spleen cells.

Materials and Methods

Animals and Tumors. BALB/cCrgl mice were bred
by brother-sister mating. The D1-DMBA-3 chemically
induced mouse mammary tumor originated from the
BALB/c DI hyperplastic outgrowth line treated with
7,12-dimethylbenz(a)anthracene (13) and was passaged
in vivo by serial subcutaneous transplantation in syn-
geneic mice. The exogenous MMTV-induced mam-
mary tumors were of spontaneous origin in a BALB/
cfC3H colony, which is housed separately from the
BALB/c mice. The cloned C3H mouse mammary tu-
mor cell line 341-101 has been described (14). The
spontaneous C3Hf/Se mammary tumor originated
from the MMTV-negative C3H{f/Se subline (15).

Flow Cytometric Analyses. Spleen cell suspen-
sions were obtained as described (5). Single-cell suspen-
sions of thymus and tumor cells were obtained by
dissociation of the tissue and passage through a stainless
steel mesh. Cell preparations were stained with a two-



step protocol (5) using rabbit antisera raised against a
mixture of intact and disrupted purified MMTV.
Preimmunization sera were used as background con-
trol. Ten thousand cells per sample were analyzed using
a fluorescence-activated cell sorter (FACS III; Becton
Dickinson FACS Systems, Sunnyvale CA). Analysis of
fluorescent cells was based on scatter gating.

Nucleic Acid Analyses. Total cellular RNA isola-
tion and binding to nitrocellulose filters were as de-
scribed (11, 15). Purification and fractionation of
poly(A) RNA were by oligo(dT)-cellulose chromatog-
raphy and by formaldehyde-agarose gel electrophoresis
of formamide-formaldehyde-denatured RNA with
transfer to nitrocellulose (11, 15). Molecular hybridi-
zation was with radiolabeled MMTV ¢DNA, prepared
from MMTV 70S RNA (3), or with nick-translated
cloned (16) or subcloned (15) MMTYV DNA. Standard
conditions for hybridization, filter washing under strin-
gent conditions, and autoradiography were used (11,
15).

Results

Mtv Expression in the BALB/c Spleen. Initial
experiments compared the kinetics of hybridization
between total cellular RNA and a representative
MMTYV cDNA probe to the kinetics of hybridization
with MMTV 70S RNA (3). A significant amount of
Mty RNA was present in adult virgin female BALB/c
spleens (Table I). The amount of Mrv RNA in the
spleen of young animals was very low but increased
with age to levels 15-fold higher than in similar age
BALB/c liver or thymus RNA, as well as multiparous
retired breeder mammary gland and chemical carcino-

gen-induced BALB/c mammary tumor RNA, which
were all at or below the limit of detection (0.0001%).
High levels of RNA were present in a BALB/cfC3H
mammary tumor that contained acquired MMTV pro-
virus DNA as a result of milk-transmission of the C3H
MMTV.

The presence of MMT V-related antigen(s) was ana-
lyzed as a function of animal age using flow cytometric
determinations. The percentage of cells with antigen(s)
increased with age from 11% at 2 weeks to 26% at 98
weeks in virgin female BALB/c splenocytes, but could
not be detected in thymus cells even at 52 weeks of age
(Table I). In agreement with the RNNA analysis, carcin-
ogen-induced BALB/¢c mammary tumor cells did not
express MMTV-related antigen(s), whereas the majority
of MMTV-induced BALB/cfC3H mammary tumor
cells reacted positively with the anti-MMTYV antibodies.

To identify the nature of the M¢v RNA transcripts
observed in the BALB/c spleen cells, RNA dot blot
analyses were initially performed using total RNA hy-
bridized with the C3H MMTYV gag-pol probe, a 4-kb
Psl fragment (Fig. 1A). Mtv RNA was detected in the
splenic RNA extracts from 52-week-old (Fig. 1, Lane
1) and 106-week-old (Fig. 1, Lanes 3 and 5) BALB/c
mice. Appreciably lower levels of Mtv RNA were de-
tected in total liver RNA from the latter mice (Fig. 1,
Lanes 4 and 6). Mtv RNA was present in total spleen
RNA at about 1% of the level observed in BALB/
¢fC3H mammary tumor RNA (Fig. 1, Lane 2). Addi-
tional studies examined Mtv RNA in poly(A) RNA
from 106-week-old BALB/c spleens and livers by hy-
bridization with the cloned C3H MMTYV [.8-kb Psl
env fragment alone (Fig. 1B, Lanes 5-8) or in combi-

Table I. Mtv RNA and Antigen Expression in BALB/c Tissue as a Function of Age

. a Age b Maximum % % MMTYV antigen-
Tissue (weeks) % Mtv-RNA hybridization® positive cells?

Spleen 2 0.0001 30 (6 x 10%) 11 1

26 0.0003 86 (6 x 10% 17 £2

52 0.0006 76 (6 x 109 20+ 2

78 0.0005 82 (4 x 10% 21+ 4

106 0.0015 92 (2 x 10% 26 + 6°

Thymus 2 ND 2+1

26 0.0001 14 (1 X 10%) 2+ 1

52 ND 11
Liver (same as spieen) 2-106 <0.0001 8 (1x 109 ND
Mammary giand 52 0.0001 26 (6 x 10%) ND
D1 DMBA-3 mammary tumor 0.0001 24 (1 x 104 0
BALB/cfC3H mammary tumor 0.27 100 (1 X 103 72+8

® Tissues were from the specified age female virgin BALB/c mice, BALB/c retired breeder mammary glands, and mammary tumors.

®The level of Mtv RNA, quantitated by RNA excess hybridization, is expressed as a percentage of total cellular RNA.

¢ The maximum percentage of hybridization of the MMTV cDNA probe is specified, with the equivalent Rot at which the maximum percentage
of hybridization was observed is specified in parentheses. In most cases, equivalent Rot values greater than 5 x 10* could not be obtained.
About 3% mismatching between 106-week-old mouse spleen RNA and the cDNA probe was determined.

9 Determined by counting 10,000 cells/sample in a FACS Hll.

¢ The mice used as spleen donors for the fluorescence studies were 98 weeks old.
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Figure 1. Identification of Mtv RNA transcripts in BALB/c tissue. (A)
Total RNA, 3 ng and serial 1/1 dilutions (left to right), were denatured,
spotted onto nitrocellulose, hybridized with the radiolabeled cloned
C3H MMTV gag-pol probe, and autoradiographed for 5 days. The
RNA were from pooled 1-year-old virgin BALB/c spleens (Lane 1), a
spontaneous BALB/cfC3H mammary tumor (Lane 2), a pool of 2-
year-old virgin BALB/c spleens (Lane 3), a 2-year-old virgin BALB/c
liver (Lane 4}, another pool of 2-year-old virgin BALB/c spleens (Lane
5), and another 2-year-old virgin BALB/c liver (Lane 6). (B) Poly(A)
RNA, 3 ug{Lanes 1-3 and 5-7) or 0.18 ng (Lanes 4 and 8) and serial
1/1 dilutions (left to right), were denatured, spotted onto nitrocellu-
lose, hybridized, then autoradiographed for 17 days. Hybridization
probes were a mixture of the C3H MMTV gag-pol, and env probes
in Lanes 1-4 or the env probe alone, Lanes 5-8. Lanes 1 and 5
contained pooled 2-year-old virgin BALB/c spleen poly(A) RNA, Lanes
2 and 6 contained multiparous 7-day lactating BALB/c mammary
gland poly(A) RNA, Lanes 3 and 7 contained pooled 2-year-old virgin
BALB/c liver poly(A) RNA, and Lanes 4 and 8 contained C3H mam-
mary tumor cell line 341-101 poly(A) RNA.

nation with the gag-po/ probe (Fig. 1B, Lanes 1-4).
BALB/c spleen poly(A) RNA hybridized intensely with
the env region probe (Fig. I, Lane 5) and somewhat
more intensely with the combined probes (Fig. 1, Lane
1). BALB/c multiparous lactating mammary gland (Fig.
1, Lanes 2 and 6) and liver (Fig. 1, Lanes 3 and 7)
poly(A) RNA had approximately one-tenth the levels
of Mtv transcripts observed in the spleen. In Figure 1,
Lanes 4 and 8 represent the levels of MMTYV poly(A)
RNA from the cloned MMTV producing C3H mam-
mary tumor cell line 341-101 used as a positive control.

The Mty transcripts detected in the spleen of
BALB/c mice were further characterized by Northern
blot analyses (Fig. 2). Figure 2 represents the results
after autoradiography for 6, 20, and 70 hr, respectively.
BALB/c spleen poly(A) RNA (Fig. 2. A and B, Lane 5)
clearly demonstrated the existence of A/tv RNA species
of 7.8 and 6.4 kb. BALB/c retired breeder mammary
gland contained primarily a 1.7-kb Mfv RNA transcript
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Figure 2. Molecular sizing of Mtv transcripts. Poly(A) RNA were
fractionated in a 1.2% agarose gel with 2.2 M formaldehyde and
transferred to nitrocellulose for hybridization. Following hybridization
with the radiolabeled C3H MMTYV long terminal repeat, gag-po/ and
env probes, autoradiography was for 6, 20, and 70 hr (A, B, and C,
respectively). Lanes 1 and 6 contained 0.27 and 0.53 ng, respectively,
of the cloned C3H mammary tumor cell line 341-101 poly(A) RNA,
Lane 2 has 0.5 ug of C3Hf/Se spontaneous mammary tumor RNA,
Lane 3 has 10 ug of 2-year-old female virgin BALB/c liver RNA, Lane
4 has 10 pg of muitiparous 7-day lactating BALB/c mammary gland
RNA, and Lane 5 has 10 ug of 2-year-old female virgin BALB/c spleen
RNA. The arrows on the left margin indicate the migration, top to
bottom, of the 4.7-kb, 3.1-kb, 1.9-kb and 1.6-kb rRNA molecular
weight standards. The upper and lower horizontal lines indicate the
migration of the 9 kb and 3.8 kb, respectively, C3H MMTV RNA
molecular weight standards.

detectable after 20 hr of autoradiography (Fig. 2B, Lane
4). In addition, low amounts of a 8.9-kb genomic size
transcript and a 7.4-kb transcript were detected in
mammary gland RNA with longer exposures (Fig. 2C,
Lane 4), a result consistent with a report of Mtv gag-,
pol-, and env-related RNA in BALB/c mammary glands
(17). The aged virgin BALB/c liver poly(A) RNA con-
tained a very low amount of 89- and 7.4-kb Mtv
transcripts that were observed only after prolonged
exposure (Fig. 2C, Lane 3). None of the BALB/c tissues
contained a detectable amount of the spliced 3.8-kb
Mty env transcript, that is the most abundant MMTV
RNA in the control C3H mammary tumor cell line
(Fig. 2, Lanes 1 and 6). Both MMT V-infected C3H
tumor cells (Fig. 2, Lanes 2 and 6) and MMTV-negative
C3Hf/Se mammary tumor (Fig. 2, Lane 2) RNA had
8.9-kb genomic size transcripts. These observations
demonstrate that BALB/c spleen contained Miv struc-
tural gene transcripts.

Discussion

These studies have examined the hypothesis that
the BALB/c splenocyte MMTV-related antigen is en-
coded by RNA transcripts from a BALB/c genomic
size Mtv provirus(es). The possibility that the env gene
is the source of the cross-reactive antigen(s) is suggested
by evidence that the MMT V-related antigen was reac-



tive with antibodies specific to MMTV virion protein
(6) and that at least some BALB/c splenic lymphocytes
had an antigen that cross-reacted with a MMTYV enve-
lope glycoprotein monoclonal antibody (7).

The evidence presented here (Fig. 1 and 2) dem-
onstrates Mtv provirus transcript accumulation from
the env gene region and likely the gag-pol region in
spleens of BALB/c mice. Therefore, these transcripts
are encoded by a genomic size Mtv. Other investigators
(18) have reported the presence of two large, approxi-
mately 9 kb and 7.8 kb, MMTV RNA in GR mammary
tumor cells. Although My expression in normal tissues
is generally considered to be highly mammary tissue
specific (3, 19), there is evidence for Mtv RNA in
normal mouse spleen (15, 20). Sarkar and Gunzburg
(20) have reported that BALB/c spleen M¢v transcripts
were not initiated within the Mtv long terminal repeat
and concluded that the subgenomic Mitv-6 was the
template for BALB/c spleen Mty RNA. King er al. (21)
have recently shown the lipopolysaccharide-inducible
expression of M¢v RNA in both normal B lymphocytes
and an inducible B cell lymphoma, CHI12. These au-
thors concluded that the AMtv-9 transcripts accumulated
in these cells, an interpretation consistent with the data
presented here for genomic size Mty provirus transcript
accumulation. In other unpublished studies, we have
found data suggesting that the Mrv-9 5’ and 3’ long
terminal repeats in BALB/c spleen DNA are hypome-
thylated. This finding is compatible with the observa-
tions of King ez al. (21).

The reasons why Mtv transcripts can be detected
in the spleen, but not in the thymus, are unclear. In
our unpublished work, we have found that hypomethy-
lation of Mtv proviral DNA is essentially identical in
the thymus and the spleen. The most likely reason for
the lack of thymic Mrv RNA is the absence of the
appropriate cell type in thymic tissue. Indeed, in pre-
vious reports (5, 6) we have shown that the majority of
the splenic cells expressing MMTYV antigens are B lym-
phocytes. Therefore, B cells, but not T cells, likely
contain factors necessary for Mtv expression.

The data presented hercin demonstrate that in
BALB/c mice, an important example of an exogenous
MMT V-negative strain, there is expression of MMTV-
related RNA and protein in the spleen, which increases
with age. In C3HTf strains, which are another example
of MMT V-negative mice in which mammary tumors
are of late occurrence, Mtv provirus 3.8-kb env tran-
scripts accumulate (15). These transcripts are encoded
by the Miv-1 provirus (22). As shown in this study, no
3.8-kb env transcripts are detectable in the BALB/c
spleens. In recent experiments using Western blots, a
68-kDa band that reacts with anti-MMTYV antisera has
been detected in the spleens of BALB/c¢ mice. No 52-
kDa band could be seen in the same type analyses,
Preliminary evidence indicates that the 68-kDa mole-

cule represents an unprocessed precursor of the env
gene products (Yang et al., manuscript in preparation).
The data presented in this manuscript support the
results obtained with the Western blots, inasmuch as
the RNA extracted from the spleens of BALB/c mice
hybridizes with a probe containing the env gene region.
The MMTV-related macromolecules, therefore, prob-
ably represent the selective expression of one or more
Mty proviruses in splenic lymphoid cells of the B cell
lineage.
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