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The immune response to mouse mammary tumor virus (MMTV) relies on the presentation of an MMTV-encoded superantigen
by infected B cells to superantigen-specific T cells. The initial extrafollicular B cell differentiation involved the generation of B cells
expressing low levels of B220. These B220low B cells corresponded to plasmablasts that expressed high levels of CD43 and
syndecan-1 and were CD62 ligand2 and IgD2. Viral DNA was detected nearly exclusively in these B220low B cells by PCR, and
retroviral type-A particles were observed in their cytoplasm by electron microscopy. An MMTV transmission to the offspring was
also achieved after transfer of B220low CD62 ligand2 CD431 plasmablasts into noninfected females. These data suggest that
B220low plasmablasts, representing the bulk of infected B cells, are capable of sustaining viral replication and may be involved in
the transmission of MMTV. The Journal of Immunology,1999, 162: 2538–2545.

M ouse mammary tumor virus (MMTV)4 is a B-type ret-
rovirus that, upon infection of the mammary gland ep-
ithelial cells, promotes the development of mammary

carcinomas by insertional activation of host protooncogenes (re-
viewed in Ref. 1).

MMTV is transmitted through milk to newborn mice during the
first 2 wk of life by initially infecting B cells in the Peyer’s patches
(2). Efficient MMTV infection is dependent upon the presentation
of an MMTV-encoded superantigen (SAg) by the initial pool of
infected B cells to SAg-reactive T cells (3). The resulting SAg-
specific Th cell response, mediated by the cross-linking of B cell
MHC class II molecules with TCR Vb elements, leads to the am-
plification of the infected cells by inducing a strong B cell prolif-
eration and differentiation response (4). Immunohistochemical
analysis of the draining lymph node after infection with MMTV
has demonstrated that MMTV-SAg drives extrafollicular and fol-
licular B cell differentiation, following a very similar pattern to
that described for conventional Ags (5).

The follicular phase of a B cell response comprises a complex
series of events occurring during the germinal center reaction, im-

plying the somatic hypermutation of Ig genes and the selection of
high-affinity mutants (6). In contrast, extrafollicular B cell differ-
entiation involves an early Ag-specific proliferation and differen-
tiation of B cells taking place within the so-called extrafollicular
foci and leading to the generation of a first wave of plasmablasts
(7). These extrafollicular plasmablasts appear to display low levels
of B220 and to express the proteoglycan molecule syndecan-1
(CD138) (8, 9). Interestingly, although plasma cells have been
considered to be short-lived cells, two recent reports have demon-
strated that a substantial fraction of them can survive for periods of
.1 yr (10, 11).

Previous reports have demonstrated that very few B cells are
infected in the first days after MMTV injection. It was estimated
that in the draining popliteal lymph node (PO-LN),;1 of 10,000
B cells were infected 48 h after injection of the Swiss strain of
MMTV, MMTV(SW), into the footpad of BALB/c mice (12).
However, between days 2 and 6 (i.e., during the extrafollicular
phase of the B cell response), the number of infected B cells in-
creases.1000-fold by cell division-mediated expansion of the
initial number of infected cells. This SAg-mediated B cell response
has been demonstrated to be required for a successful MMTV
infection of the mammary gland (3, 13). However, the mechanism
of virus transmission to the mammary gland is still largely un-
known, because the data dealing with the capacity of different
lymphocyte subsets to transmit MMTV infection after transfer into
appropriate hosts remain controversial (reviewed in Ref. 14). In
addition, it has been reported that under physiological conditions,
large quantities of new virus particles are not produced during the
first phase of infection, but only by the infected epithelial cells of
the mammary and salivary glands under the control of the endo-
crine system by pregnancy hormones (reviewed in Ref. 15). Fi-
nally, the characterization of the cell type responsible for virus
transfer to the mammary gland is further complicated by virus
spread from the initially infected B cells to T cells (16). Therefore,
to get new insights on the transmission of the virus to the mam-
mary gland, we have extensively analyzed the B cell response
induced upon infection by MMTV(SW). Our results support the
hypothesis that the MMTV(SW)-infected plasmablasts differenti-
ated during the early extrafollicular B cell response, which can be
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identified and therefore traced during the infection process on the
basis of its phenotypic profile and which may be involved in
MMTV transmission to the mammary gland and to the offspring.

Materials and Methods
Mice

BALB/c mice were purchased from Harlan Olac (Bicester, U.K.). In all
experiments, 8- to 10-wk-old mice were used.

Antibodies

The following Abs were used in this study: FD11-54-3 (anti-MHC class II,
biotin-conjugated; Ref. 17), H1-2F3 (anti-CD69, biotin-conjugated; Ref.
18), FD44.8 (anti-LFA-1a, biotin-conjugated; Ref. 17), Mel-14 (anti-CD62
ligand (CD62L), biotin-conjugated; Ref. 19), IM7.81 (anti-CD44, biotin-
conjugated; Ref. 20), FGK45 (anti-CD40, biotin-conjugated; Ref. 21),
44-22.1 (anti-Vb6, fluorescein-conjugated; Ref. 22), GL1 (anti-B7-2,
biotin-conjugated; PharMingen, San Diego, CA), S7 (anti-CD43, biotin-
conjugated; PharMingen), 281-2 (anti-syndecan-1, biotin-conjugated; Phar-
Mingen), AMS9.1 (anti-IgD, biotin-conjugated; PharMingen), LO-MM
(anti-IgM, biotin-conjugated; Caltag, San Francisco, CA), RA3-6B2 (anti-
B220, FITC-conjugated; Caltag), H129.19 (anti-CD4, phycoerythrin
(PE)-conjugated;BoehringerMannheim,Mannheim,Germany),53-6.7(anti-
CD8, PE-conjugated; Boehringer Mannheim), and M5-114 (anti-MHC
class II, PE-conjugated; Boehringer Mannheim).

Virus isolation and in vivo treatment

MMTV(SW) was purified from milk as described previously (4). Mice
were given a 10ml injection in the hind footpad with MMTV(SW) (109

virus particles, titered as described in Ref. 3). After the indicated times, the
popliteal, inguinal, and mesenteric lymph nodes, spleen, and Peyer’s
patches were removed, and single cell suspensions were prepared.

Flow cytometry

The kinetics of B cell and T cell activation as well as the percentage of
Vb61 T cells were analyzed after triple-staining with biotinylated anti-
CD69, followed by streptavidin (SA)-tricolor (Caltag, San Francisco, CA),
PE-conjugated anti-CD4 and anti-CD8, and fluoresceinated anti-Vb6.
CD41 and CD81 cells were separated in the FL2 channel using appropriate
dilutions of the two mAbs. Analysis of the B220low and B220high B cells
was performed after triple-staining with biotinylated mAbs against CD69,
IgM, IgG2a, IgD, CD62L, CD43, syndecan-1, LFA-1, and CD44, followed
by SA-tricolor (Caltag), PE-conjugated anti-MHC class II, and fluorescein-
ated anti-B220. Analysis was performed on a FACScan (Becton Dickinson,
Mountain View, CA) cell analyzer, using Lysys II software for data
evaluation.

MHC class II1 B220low and MHC class II1 B220high B cells from the
draining PO-LN were FACS-sorted 6 days after MMTV injection on a
FACStar (Becton Dickinson) flow cytometer after double staining with
biotinylated anti-MHC class II followed by SA-PE (Caltag) and fluores-
ceinated anti-B220. After reanalysis, the sorted cell populations had a pu-
rity of .99% (data not shown).

Cell cycle analysis

The cell cycle was analyzed on FACS-sorted MHC class II1 B220low or
MHC class II1 B220high B cells by cell nuclei DNA staining with pro-
pidium iodide (50mg/ml), 0.1% Triton X-100, and 0.1% sodium citrate as
described by Nicoletti et al. (23). The percentage of apoptotic and blast
cells within B cells was estimated on the basis of the forward scatter (FSC).

Polymerase chain reaction

DNA of 50,000 FACS-sorted MHC class II1 B220low or MHC class II1

B220high B cells (purity of .99%) was amplified with MMTV long ter-
minal repeat (LTR) oligonucleotides that do not allow the distinction be-
tween endogenous and exogenous MMTV sequences. The individual
MMTV sequences can be distinguished based on the length differences of
the amplified fragments, with Mtv-6 giving the shortest, Mtv-8 and -9 the
intermediate, and MMTV(SW) the longest fragments in MMTV(SW)-
infected BALB/c mice. The oligonucleotides to amplify all LTR-sequences
were chosen on the basis of the high degree of conservation between the 39
LTR-open reading frames (ORFs). To amplify Mtv ORFs from all
Mtv-DNAs, the 59 oligonucleotide ORF-100 (CTCAGGAAGAAAAA
GACGACAT) was used in combination with the 39 oligonucleotide VJ71
(CCCAAACCAAGTCAGGAAACCACTTG), yielding a 250–290-kb
PCR product. For PCR, the conditions were: 5 min at 95°C, followed by 40

cycles of 1 min at 60°C, 1 min at 72°C, and 30 s at 95°C, and finally 7 min
at 72°C in 13 PCR buffer containing 20 mM Tris-HCl (pH 8.55), 16 mM
(NH4)2SO4, 2.5 mM MgCl2, 150mg/ml BSA, and 0.2 mM of each of the
four 29-deoxynucleoside 59-triphosphates (dNTPs). A total of 2.5 U ofTaq
polymerase (BioTaq; Bioprobe Systems, Montreuil, France), 3mCi of
[a-32P]dATP (New England Biolabs, Beverly, MA), and 0.5mM of each
oligonucleotide were added per PCR. PCR products were separated on 6%
polyacrylamide gels, and the dried gels were autoradiographed on Kodak
X-OMAT films (Eastman Kodak Company, Rochester, NY).

Light and electron microscopy

After the indicated survival times, the PO-LN or B220low B cells sorted
from PO-LN 6 days after MMTV(SW) injection were fixed with 1% glu-
taraldehyde and 1% paraformaldehyde in 0.1 M (pH 7.6) Sørensen phos-
phate buffer for 16 h at 4°C, postfixed with 1% OsO4 in the same buffer for
1 h at 4°C, dehydrated in graded acetone solutions, and embedded in
Araldite. Semithin sections (1mm) were stained with toluidine blue and
photographed in an Zeiss Axioskop microscope (Zeiss, Oberkochen, Ger-
many); ultrathin sections (70–80 nm) were counterstained with uranyl ac-
etate and lead citrate and examined with a Jeol 1010 electron microscope
(Tokyo, Japan).

Transfer of MMTV infection

B220low CD62L2 CD431 plasmablasts, B220high CD62L1 CD432 B cells,
or total T cells were isolated from the draining PO-LN of BALB/c mice 6
days after MMTV injection. For this assay, the purification of the B220low

and B220high B cell subsets was performed on the basis of the expression
of CD62L and CD43, as a small proportion of CD62L2 CD431-respond-
ing blast cells that have not yet undergone the down-regulation of B220
and could be infected by MMTV exists within the B220high B cell popu-
lation at 6 days after infection with MMTV (see Fig. 2B). CD62L2
CD431 plasmablasts and CD62L1 CD432 B cells were purified by mag-
netic cell sorting with MACS separation columns (Miltenyi Biotec, Ber-
gisch, Germany) after T cell depletion by complement mediated cytotox-
icity. For this purpose, purified total B cells obtained after T cell depletion
(purity .97%) were incubated with biotinylated anti-CD43 or anti-CD62L
mAbs, followed by streptavidin-conjugated MACS microbeads (Miltenyi
Biotec). After reanalysis, the purified CD62L2 CD431 and CD62L1

CD432 B cell populations had a purity of.98% (data not shown). There-
fore, the small proportion of CD62L2 CD431 B220high blast B cells (see
Fig. 2B), which could potentially contain MMTV-infected cells, is included
in the CD62L2 CD431 subset, but absent from the CD62L1 CD432 B cell
subpopulation. A total of 53 105 purified CD62L2 CD431 plasmablasts,
CD62L1 CD432 B cells, or total T cells from day 6 MMTV(SW)-injected
mice or total PO-LN cells from noninfected control mice were transferred
i.v. into BALB/c females, which were then crossed with noninfected
BALB/c males. Deletion of circulating Vb61 CD41 T cells in the mothers
and their offspring was monitored at the indicated times. Blood leukocytes
were removed by tail bleeding from heparinized blood samples by centrif-
ugation through a Ficoll (Pharmacia, Uppsala, Sweden) cushion, and
stained with PE-conjugated anti-CD4 and fluoresceinated anti-Vb6.

Results
Analysis of responding B cells during MMTV infection

Injection of MMTV(SW) into the footpad of BALB/c mice in-
duced a strong B cell and T cell proliferative response in the drain-
ing PO-LN, as assessed by the analysis of the percentage of cy-
cling cells and of B and T blast cells (data not shown). As
previously reported, B cells underwent a biphasic activation: an
initial transient T cell-independent B cell activation, occurring
within the first 24 h, was followed by a second B cell activation
phase starting 2 days after infection and reaching a peak by day 4
(24). This second B cell activation phase was accompanied by a
strong B cell proliferative response that amplified the initial num-
ber of infected B cells and required the presentation by the infected
cells of an MMTV(SW)-encoded SAg to the SAg-reactive Th
cells (3).

Analysis of the B220 vs MHC class II expression of the B cells
during the B cell response revealed the appearance by day 4 of a
B cell subpopulation expressing MHC class II levels that were
similar to those of control mice, but lower B220 expression (Fig.
1A). This B220low B cell population, hardly detectable in the
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PO-LN of control mice, in which it represented,3% of the total
B cells (Fig. 1A), reached a maximum by days 5 and 6, when it
constituted#40% of the B cell subset, and returned to control
levels by day 11 in the PO-LN of MMTV(SW)-infected mice (Fig.
1B). Therefore, the kinetics of the B220low B cells paralleled the B
cell activation and proliferation response induced by MMTV(SW).
At 6 days after virus injection, the B220low B cell population rep-
resented#40% of the total lymph node B cells (i.e., 4–53 106

cells) and contained#90% of blast cells, whereas only;25%
blast cells were detected in the B220high B cell population (Fig.
1A). Analysis of the cell cycle of the B220low and B220high B cell
subpopulations sorted by FACS (Fig. 2) showed that, although the
B220high B cell population had a basal level of cycling cells (3%),
the B220low B cells displayed a high percentage of proliferating
cells (19% cycling cells). These results indicate that the B220low

MHC class II1 B cell subpopulation contains the vast majority of
the dividing B cells during the SAg-mediated B cell response in-
duced by MMTV(SW).

Analysis of the phenotype of B220low and B220high B cells

As shown in Fig. 2, the analysis of cell surface marker expression
by the B220low and B220high B cells revealed important pheno-
typic differences between both B cell subpopulations. B220low B
cells expressed high levels of the B cell differentiation markers
CD43 and syndecan, whereas only a small proportion of B220high

B cells expressed these markers. B220low B cells did not express
surface IgDs, whereas B220high B cells were IgD1. Correspond-
ingly, B220low B cells were negative for the homing molecule
CD62L (L-selectin), whereas B220high B cells were CD62L1. In
addition, B220low B cells underwent a strong CD44 up-regulation
and displayed higher LFA-1 levels than the B220high cells. Finally,
;40% of B220high B cells were positive for the early activation
marker CD69, but this marker was down-regulated in the B220low

B cells. The phenotype of B220low B cells corresponds to that of
plasmablasts, originated by extrafollicular differentiation of
MMTV-responding B cells, which have switched to downstream

FIGURE 1. Analysis of early B cell differentia-
tion after MMTV(SW) injection.A, Dot plots show
the B220 vs MHC class II profiles of PO-LN cells
from control mice and from mice at day 6 after
MMTV(SW) injection. Boxes define B220low (1) and
B220high (2) B cells. Histograms represent the B220
expression within the total B cell population in con-
trol mice and in MMTV(SW)-injected mice at day 6
and the FSC of B220low and B220high B cells. The
percentage of B220low cells within the total B cell
population and the percentage of blast cells (FSC
.130) are shown for the indicated cell subsets.B,
Analysis of B220low B cells during the immune re-
sponse to MMTV(SW). The percentage of B220low

cells within total B cells and the absolute number of
B220low B cells per draining PO-LN are shown for
the indicated time points after MMTV(SW) injec-
tion. The data are representative of four experiments
with similar results.
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Ig classes. Therefore, B220low B cells will hereafter be referred to
as B220low plasmablasts.

The kinetics of the B cell response, induced by MMTV as
shown in Fig. 1, and the phenotypic characteristics of responding
B cells described above indicate that B220high B cells that become
infected differentiate into B220low plasmablasts during the
MMTV(SW)-encoded SAg-mediated B cell response. This early B
cell differentiation was accompanied by B220 and CD62L down-
regulation and by the up-regulation of CD43 and syndecan-1.
Therefore, B220low plasmablasts are IgD2 CD62L2 CD431 syn-
decan-11, whereas most B220high B cells are CD62L1 IgD1

CD432 syndecan-12. Interestingly, the B220 vs MHC II profile of
PO-LN CD62L2 cells and CD431 cells at day 6 after
MMTV(SW) injection (Fig. 2B) revealed that;8–10% of
CD62L2 CD431 B cells had not down-regulated B220 by day 6,
and, therefore, were found within the B220high B cell subset.

PCR analysis, using primers specific for endogenous as well as
exogenous MMTV sequences of the B220low and B220high B cell

subpopulations isolated on days 5–7 by FACS, showed that viral
DNA could be detected on the B220low but not on the B220high B
cells; two to three copies of MMTV(SW) were found per B220low

B cell. In fact, as illustrated in Fig. 3, in which the presence of viral
DNA is shown for different cell subsets, when total PO-LN cells
from control mice or total PO-LN B220high plasmablasts isolated
at day 6 after MMTV infection were analyzed, no viral DNA was
detected, whereas a strong signal was obtained for day 6 PO-LN
B220low plasmablasts. Interestingly, MMTV DNA could be de-
tected in sorted blast B220high B cells but not in small B220high B
cells. This is most likely due to the fact that a small proportion of
blast CD62L2 CD431 B cells containing MMTV-infected cells,
which had not yet down-regulated B220, was still present at day 6
within the B220high B cell subset (see Fig. 2B). Analysis of the
kinetics of the B220low CD62L2 CD431 B cell subset revealed
that CD62L2 CD431 blast cells were no longer present within
B220high B cells after day 7 (data not shown), indicating that
CD62L2 CD431 B cell blasts had down-regulated B220 or had
migrated from the lymph node at this time point. Therefore,
B220low plasmablasts represent the vast majority of the infected B
cell population amplified as a result of the SAg-specific Th cell-
mediated B cell proliferation response.

Systemic immune response to MMTV(SW)

Analysis of the percentage of cycling cells, Vb61 cells, and
CD691 cells within the B cell and T cell compartments indicated
that these parameters did not undergo significant variations in the
inguinal and mesenteric lymph nodes, Peyer’s patches, and spleen
after MMTV(SW) injection (data not shown), and, therefore, that
an immune response against the virus was not mounted in these
organs. However, there was a small but significant increase in the
percentage of B220low plasmablasts after MMTV(SW) injection in
the mesenteric lymph nodes (MS-LN) (Fig. 4) and spleen, but not
in the inguinal lymph nodes or in the Peyer’s patches (data not

FIGURE 2. Phenotype of B220low plasmablasts and B220high B cells in
the draining PO-LN 6 days after MMTV(SW) injection.A, Histograms
represent the cell cycle and cell surface marker expression of B220low and
B220high B cells. Cell cycle analysis was performed on sorted B220low and
B220high B cells as described previously. The percentage of cycling cells
(FL3 .140 on a linear scale) for each population is indicated. Cell surface
marker expression of the indicated markers was analyzed after triple-stain-
ing with biotinylated mAbs followed by SA-tricolor, FITC-conjugated anti-
B220, and PE-conjugated anti-MHC class II. The percentage of positive
cells (FL3.102 on a logarithmic scale) for each marker is indicated. These
data are representative of three to five experiments with similar results.B,
Dot plots represent the B220 vs MHC class II profiles of CD62L2 and
CD431 PO-LN cells from mice at day 6 after MMTV(SW) injection.
Boxes define B220low (1) and B220high B cells (2). B220high B cells rep-
resented;8–10% of the CD62L2 or CD431 B cells.

FIGURE 3. Detection of viral DNA by PCR. DNA was amplified from
the indicated cell subsets and obtained from control mice or mice at day 6
after MMTV(SW) injection using primers specific for endogenous as well
as exogenous MMTV sequences. The individual MMTV sequences were
distinguished on the basis of the length differences of the amplified frag-
ments. No viral DNA was detected in total PO-LN cells from control
BALB/c mice or total B220high B cells from day 6 PO-LN, whereas a
strong signal was obtained for B220low plasmablasts. Viral DNA could be
detected in blast but not small B220high B cells, indicating that a small
proportion of MMTV-infected blast B cells existed within the B220high B
cell subset. Most likely, these cells corresponded to a small proportion of
CD62L2 CD431 blast B cells that had not down-regulated B220 by day 6
after MMTV(SW) injection.
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shown). Analysis of the percentage of apoptotic cells within the
B220low population in the PO-LN during the B cell response to
MMTV(SW) (Fig. 4, B and C) revealed an inverted correlation
between cycling and apoptotic cells (i.e., the peak of cycling cells
coincided with the lowest percentage of apoptotic cells). Interest-
ingly, in the MS-LN and spleen, the B220low plasmablast popu-
lation did not show variations in the percentage of blast and
apoptotic cells, which remained at the control levels found in the
PO-LN before and after the B220low B cell response. These data
suggest that no proliferation occurs in these locations within this B
cell population, and, therefore, that the increase in the number of
B220low plasmablasts in the MS-LN and spleen might be the result
of the migration of these cells from the responding PO-LN.

Microscopic study of the PO-LN after MMTV(SW) infection

Fig. 5 shows the histological study of PO-LN from control mice
and from mice at days 6 and 11 after injection of MMTV(SW).
Although the deep cortical areas and the medullary cords were
occupied almost exclusively by small resting lymphocytes in con-
trol mice (Fig. 5A), the vast majority of the cells infiltrating these
areas were lymphoblasts, plasmablasts, and plasma cells at 6 days
after MMTV(SW) injection (Fig. 5B). Moreover, an important
number of these cells were observed in the vascular space of the
medullary sinuses at this time point (Fig. 5D). Fig. 5C shows that
in these same areas at 11 days after injection, macrophages, dead

cells, and a few blast cells were observed, indicating that the de-
cline of the B and T cell response was accompanied by a certain
degree of cell death and by dead cell removal by phagocytes.

Analysis by electron microscopy of sorted B220low B cells
showed that this population was heterogeneous and contained re-
sponding B cells in different phases of differentiation (i.e., B lym-
phoblasts, plasmablasts, and plasma cells (data not shown)) com-
parable with the cells observed in situ in the deep cortical areas and
the medullary cords of the PO-LN 6 days after virus injection (Fig.
5E). Interestingly, some of the B220low cells contained numerous
type-A viral particles of 65–75 nm in size in their cytoplasm (Fig.
5F), indicating that viral replication most likely occurs in these
cells after MMTV(SW) infection.

Transmission of MMTV to the mammary gland

The data presented in this report, dealing with the detection of
MMTV DNA and MMTV type-A particles in B220low B cells,
suggest that this B cell population might be involved in virus trans-
mission to the mammary gland, and, therefore, to the offspring. To
test this hypothesis, we have analyzed the transmission of MMTV
to the offspring of females injected before mating with CD62L2

CD431 plasmablasts, CD62L1 CD432 B cells, or total T cells
isolated from infected mice. MMTV(SW) SAg presentation in the
injected females and infection by MMTV of their offspring were
detected by analyzing the deletion of MMTV(SW) SAg-reactive
Vb61 CD41 T cells (Fig. 6). For this assay, the purification of the
B220low and B220high B cell subsets has been performed by iso-
lating CD62L2 CD431 and CD62L1 CD432 B cells, respec-
tively, because, as shown in Fig. 2B, a small proportion of
CD62L2 CD431 B cells, which could potentially contain MMTV-
infected cells, exists at day 6 within the B220high B cells (see
Materials and Methodsfor details). Females injected with
CD62L2 CD431 plasmablasts but not with CD62L1 CD432 B
cells, T cells, or control total PO-LN cells (data not shown) un-
derwent a strong deletion of Vb61 CD41 T cells (Fig. 6A), sug-
gesting that MMTV(SW) SAg-presenting plasmablasts persisted
for a long period of time or infected other cells upon injection in
an appropriate host. In addition, a strong deletion of Vb61 CD41

T cells was observed in the offspring of the females injected with
CD62L2 CD431 plasmablasts (Fig. 6B), indicating that the litters
were infected with MMTV. No Vb61 CD41 T cell deletion was
observed in the offspring of females injected with CD62L1

CD432 B cells, T cells or control cells. These results demonstrate
that MMTV replication occurs in the CD62L2 CD431 B cell-
injected females, and that B220low plasmablasts can transmit
MMTV infection to the offspring.

Discussion
Successful infection by MMTV requires the establishment of a T
cell-dependent B cell response from a susceptible host, determined
by the expression of a SAg encoded by the virus (3, 13). The
MMTV-SAg expressed by the infected B cells specifically stimu-
lates CD41 T cells carrying a particular TCR Vb-chain and there-
fore triggers strong T cell help, which drives a B cell response
leading to the amplification of the infected B cell pool (4). This
SAg-induced T cell-dependent B cell response involves extrafol-
licular as well as follicular B cell differentiation similar to con-
ventional Ag responses (5, 14, 25). Although this B cell response
has been shown to be necessary for an efficient infection, little is
known about the mechanism of virus transmission to the mammary
gland during the later phases of infection; therefore, the identity of
the cells supporting the persistence of the virus is still controversial
(reviewed in Ref. 14). In this sense, Tsubura et al. (26) reported 10

FIGURE 4. Comparative analysis of B220low plasmablasts in the drain-
ing PO-LN and in the nondraining MS-LN. Percentages of B220low B cells
among B cells (A andD), of blast cells within B220low B cells (B andE),
and of apoptotic cells within B220low B cells (C and F) at the indicated
times after MMTV(SW) injection are shown.
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years ago that transfer of T cells but not B cells from B-MMTV-
infected donors resulted in mammary tumor formation in athymic
nude mice. Later it was shown that transfer of both B and T cells
from 6-mo-old-infected mice can induce virus transmission to the
next generation (16). Recently, it has been found that both B and
T cells can release infectious MMTV particles in vitro (27). Fi-
nally, Upragarin et al. (28) have proposed that the transfer of
MMTV (II-TES14) from originally infected B cells to non-SAg-
specific Vb8 T cells may contribute to stable MMTV infection. In
this context, to get new insights on the virus transmission, we have
extensively analyzed the B cell response and the phenotype of
infected cells after injection of MMTV(SW).

The immune response induced by MMTV(SW) was character-
ized by the activation and proliferation of B cells and MMTV-SAg
reactive Vb61 CD41 Th cells, as reported previously (4). As in-
dicated by the analysis of the total cell number in the draining
PO-LN as well as the percentage of cycling cells, activated cells,
and Vb61 CD41 T cells, the response peaked at days 6 and 7 after
MMTV injection and then declined to control levels after 2 wk

(data not shown). T cell help mediated by the SAg-specific Vb61

CD41 cells drives B cell activation, proliferation, and differenti-
ation into Ab-forming cells, which lead to the expansion of the
initial number of MMTV-infected B cells (3). The pattern of the B
cell response induced by MMTV correlated with the kinetics of
Ab-forming cells described in the extrafollicular foci of secondary
lymphoid organs (8, 9, 29).

Our results show that the immune response to MMTV involves
the differentiation of plasmablasts with a high proliferation rate,
characterized phenotypically by high MHC class II levels but low
expression of the B cell marker B220. Down-regulation of B220
has been described previously on 4-hydroxy-3-nitrophenyl nuclear
protein (NP)-specific APCs (8, 9) and after in vitro activation of B
cells (30). These B220low plasmablasts were first detected by day
4 postinjection, peaked by days 6 and 7 when they represented
#40% of PO-LN B cells, and became barely detectable by day 9.
Interestingly, PCR analysis using MMTV-specific primers has
shown that viral DNA can be detected in B220low B cells but not

FIGURE 5. Histological study of the
draining PO-LN in control mice and 6
days after injection of MMTV(SW).A–C,
Semithin sections of the PO-LN deep cor-
tex of control mice (A), mice at 6 days (B),
or mice at 11 days (C) after MMTV(SW)
injection (3560 magnification).D, Medul-
lary cords (MC) and medullary sinus (MS)
of the draining PO-LN 6 days after
MMTV(SW) injection (3680 magnifica-
tion). E, Plasmablasts located in the deep
cortex of the draining PO-LN 6 days after
MMTV(SW) injection. The box shows an
accumulation of viral particles (316,000
magnification).F, Higher magnification of
the box shown inE, showing type-A ret-
roviral particles 65–75 nm in size
(360,000 magnification).
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in B220high-resting B cells, indicating that the B220low plasma-
blasts represent the bulk of MMTV-infected cells during their pro-
liferative phase.

Cell surface marker analysis of B220low plasmablasts has evi-
denced that these cells display high levels of the adhesion mole-
cules LFA-1 and CD44 and low levels of CD62L (i.e., an activated
phenotype) (31, 32). By day 6 after MMTV injection, B220low B
cells expressed the B cell differentiation markers CD43 and syn-
decan and were IgD2. These data indicate that by day 6, B220low

B cells represent extrafollicular plasmablasts originated by SAg-
mediated differentiation of MMTV-infected B220high B cells,
which have switched to downstream Ig classes. Interestingly, their
phenotypic profile allowed the detection and isolation of MMTV-
infected cells and corresponded to that described previously for
NP-specific Ab-forming cells of the splenic foci (8, 9) involved
in the production of low-affinity Abs during the primary response
to NP.

Electron microscopy studies of B220low FACS-sorted cells have
shown that the B220low population is morphologically heterogeneous
and includes blast and dividing cells, plasmablasts, and plasma cells.
Analysis of the draining PO-LN at day 6 after MMTV injection re-
vealed that most B220low plasmablasts were localized in the deep
cortical areas and in the medullary cords and sinuses. Due to the
lymph flow pattern in the mouse PO-LN (33), B220low plasmablasts
located within the medullary sinus vascular space will most likely exit
the lymph node via the efferent lymphatic and, therefore, could mi-
grate to other peripheral lymphoid organs. Interestingly, groups of
viral particles corresponding to the MMTV type-A particles described
in mammary tumor epithelial cells (34) were found in the cytoplasm
of FACS-sorted B220low plasmablasts as well as in cells with similar
morphological characteristics observed in sections of the draining
PO-LN at day 6. This result suggests that viral replication can take

place in these cells during the early phase of viral infection and con-
trasts with previous reports supporting the assertion that viral repli-
cation occurs only in later stages, when the mammary gland epithelial
cells are infected. Importantly, although intracytoplasmic A particles
are considered to be precursors of the core of the mature MMTV
particles, it has been shown that, despite being devoid of the charac-
teristic spikes of MMTV, they are capable of inducing mammary
tumors in an appropriate host (35).

The detection of MMTV DNA and MMTV viral particles in
B220low plasmablasts reported here suggests that this cell popula-
tion may be responsible for the transmission of MMTV. In this
sense, the increase in B220low plasmablasts observed between days
6 and 8 after MMTV injection in the spleen and MS-LN, in which
no detectable immune response to MMTV occurred, suggests that
the B220low plasmablasts found in these lymphoid organs originate
in the draining PO-LN, and, therefore, constitute a cell population
with migratory capacity. This hypothesis is in agreement with our
morphological studies, demonstrating the presence of cells mor-
phologically similar to B220low plasmablasts in the medullary si-
nuses of the draining PO-LN. Interestingly, CD43 expression by
B220low plasmablasts could be related to their recirculation poten-
tial, because this molecule has been demonstrated to participate in
lymphocyte homing (36).

The kinetics of Vb61 CD41 T cell deletion occurring in fe-
males injected with CD62L2 CD431 plasmablasts indicate that
this cell population persisted for a long period of time after transfer
and retained its SAg-presenting cell capacity or alternatively was
capable of transferring infection to other lymphocyte subsets. In
this sense, it has been recently reported that both B and T cells can
shed infectious MMTV particles into the supernatant after in vitro
culture (27). Interestingly, challenging the classical immunological
dogma that holds that plasma cells are short-lived cells, two recent

FIGURE 6. Transmission of MMTV by B220low plasmablasts.A, CD62L2 CD431 plasmablasts, CD62L1 CD432 B cells, or T cells isolated from
BALB/c mice 6 days after MMTV injection were transferred i.v. into BALB/c females. Deletion of Vb61 CD41 T cells was monitored at the indicated
times. Data represent the mean6 SD of the values obtained from three females for each experimental condition.B, At 3 months after the transfer of the
indicated cell population, the females were crossed with noninfected BALB/c males. Deletion of Vb61 CD41 T cells was analyzed in the offspring. Data
represent the mean6 SD of the values obtained from the litters of each group of three females used in each experiment.
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reports examining the issue of the longevity of plasma cells have
demonstrated that a substantial fraction of these cells are long-
lived, and can survive for periods of.1 yr (10, 11).

Finally, the transfer of CD62L2 CD431 plasmablasts, but not of
CD62L1 CD432 B cells or T cells, into noninfected females
caused a strong deletion of Vb61 CD41 T cells in the offspring,
demonstrating that MMTV replication occurred in the females af-
ter injection of CD62L2 CD431 plasmablasts and, more impor-
tantly, that MMTV was transmitted to the offspring.

In conclusion, our results strongly support the hypothesis that
the B220low plasmablasts generated during the extrafollicular B
cell response to MMTV(SW) may play an important role in the
transmission of the virus to the mammary gland and the offspring
during infection by MMTV.
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