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We demonstrate that adoptive transfer of peritoneal cavity B cells
fails to replenish the peripheral B-1 cells in adult B cell-deficient
(m2/2) mice but does replenish adult RAG-12/2 mice. We show that
this lack of self-replenishment in m2/2 mice is mediated by strongly
inhibitory, radiation-sensitive CD41 T cells that also function in
cotransfer studies to block the reconstitution of B-1 cells and inhibit
accumulation of bone marrow-derived B-2 cells in the periphery in
irradiated recipients. CD81 T cells from m2/2 do not mediate this
inhibition. The inhibitory CD41 T cells develop early in life, because
B-1 cell replenishment occurs normally when B-1 cells are trans-
ferred into m2/2 neonates. Thus, we conclude that the presence of
B cells in the neonate conditions the CD41 T-cell population to
permit the establishment and maintenance of normal B cell pools
throughout life.

B cell-deficient mice have served widely as tools to assess the
contribution of B cells to protective responses against in-

fections with viruses, bacteria, and parasites. By using gene-
targeting techniques, mice lacking all peripheral mature B cells
have been created by two approaches: the disruption of the gene
encoding the membrane-spanning exon of the m-heavy chain (1)
(m2/2), and the disruption of the JH variable region of the Ig
heavy chain (2). Both mutations cause an arrest of B cell
development at the proB cell stage because of the inability of B
cells to express Ig m-heavy chains and form functional preB cell
receptor complexes. Presumably, the ensuing lack of positive
signaling through the membrane preB receptor complex leads to
the death of the proB cells (3, 4).

B cell-deficient (m2/2) mice have been used also as recipi-
ents in B cell transfer studies (5, 6). They seem to be ideal
recipients for such studies because, in contrast to RAG-12/2

and severe combined immunodeficient mice, they are depleted
for B cells but have roughly normal numbers of CD41 and
CD81 T cells (refs.1 and 2; N. Baumgarth, unpublished
results). In principle, they should have adequate biological
‘‘space’’ for B cells in the periphery and should be readily
reconstituted by B cell sources. In the past, selective depletion
of B cells has been achieved by chronic administration of
anti-IgM antibody (7). Transfers of allotype-mismatched
(IgM1 CD51) B-1 cells shortly after birth into allotype-
specific anti-IgM antibody-treated mice demonstrated that B-1
cells can expand and replenish the B-1 cell compartments of
peritoneal cavity and spleen for the life of the animal (8–14).
Antibody-treatment before cell transfer is necessary to deplete
all host B-1 cells, because these cells act via a not yet fully
defined negative feedback mechanism to inhibit replenishment
of the recipient with the donor B-1 cells (12). Thus, because
transfers of B-1 cells into B cell-deficient animals made in such
a way always fully and permanently reconstitute B-1 cells
(8–14), there is strong reason to expect that transfers of adult
peritoneal B-1 cells to m2/2 mice would also result in the
complete and permanent reconstitution of B-1 cells in the
recipients.

Surprisingly, therefore, we report in this study that the transfer
of B-1 cells into adult m2/2 mice does not result in reconstitution
of the B-1 cell compartment. Furthermore, we show that this
reconstitution failure is because of the presence of strongly

inhibitory CD41 T cells that not only inhibit B-1 cell reconsti-
tution, but also block the accumulation of long-lived recirculat-
ing mature B-2 cells. Finally, we show that transfer of B-1 cells
to neonatal, rather than adult, m2/2 mice successfully reconsti-
tutes the B-1 cell compartments and thus conclude that the
presence of B cells during the neonatal period enables the
development of a normal adult T-cell population that permits
B cell maturation to occur.

Materials and Methods
Mice and Adoptive Cell Transfers. B6.C20 [a-allotype (Igha)],
C57BLy6 (Ighb), and congenic m2/2 mice (The Jackson Lab-
oratory), originally described in ref. 1 were bred and main-
tained at the Animal Facility at Stanford University. Nonir-
radiated recipients received intravenously 5 3 106 peritoneal-
cavity cells (PerC) in 200 ml of PBS from 2-month-old C57y
Igha mice. Lethally and sublethally irradiated mice (850 and
400 rad, respectively) received intravenously 5 3 106 PerC
from C57yIgha and 3 3 106 bone marrow cells from C57BLy6.
In some experiments, recipients received in addition 2 3 106

f luorescent-activated cell sorter (FACS)-purified lymph node
CD41 or CD81 T cells from m2/2 or C57BLy6 mice. Prelim-
inary experiments established that the m2/2 mice were fully
congenic to the C57BLy6 mice from our colony. No graft-
versus-host or host-versus-graft disease was observed in the
more than 200 cell transfer experiments performed and no
animals died after cell transfers. In addition, in vitro cocultures
of splenic cells from m2/2 mice with either C57BLy6 or
C57BLy6.Igha (B6.C20, referred to here as C57yIgha) splenic
cells did not lead to spontaneous proliferation (data not
shown).

Cell Preparation. Single-cell suspensions of spleens and lymph
nodes were prepared according to standard methods and eryth-
rocytes were lysed with 0.14 M NH4Cly20 mM Tris (pH 7.4).
Single-cell suspensions of PerC and bone marrow from the femur
and tibia were prepared by flushing peritoneal cavity and bone
marrow cavities with staining medium (biotin- and flavin-
deficient RPMI medium 1640, supplemented with 4% newborn
calf serum).

Ten-Color FACS Analysis and FACS Purification. Single-cell suspen-
sions from spleens and PerC were stained simultaneously with
antibody conjugates specific to: CD21-fluorescein (FITC) (mAb
7G6) (PharMingen, San Diego, CA); CD43 phycoerythrin (PE)
(S7); CD22 biotin (Cy34.1); CD5 biotin (53–7.3); CD23 Texas
Red (TR) (B3B4); CD11b allophycocyanin (APC) (M1y70);
IgM Cy7-APC (331); IgMa Cy7-APC (DS-1); IgMb Cy7-APC
(AF6.78); IgD Cy7-PE (1126); IgDa Cy7-PE (AMS9); IgDb

Cy7-PE (AF6.122); B220 Cascade Blue (RA3–6B2); CD4 Cas-

Abbreviations: PerC, peritoneal-cavity cells; APC, allophycocyanin; PE, phycoerythrin; FACS,
fluorescent-activated cell sorter.
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cade Yellow or Cascade Blue (GK1.5); CD8 Cascade Yellow or
Cascade Blue (53.6.7); macrophage Cascade Yellow or Cascade
Blue (F4y80). Streptavidin-Cy5-PE was used as a second-step
reagent. Noncommercial conjugates and tandem dyes were
prepared as outlined (15–17). The novel f luorochrome Cy5.5-
APC was prepared and conjugated to the anti-CD19 mAb
similar to the method described for Cy7-APC (17). Propidium
iodide was added at 0.25 mgyml. Cells were assayed with a
modified triple laser CytomationyBecton Dickinson hybrid
FACS, described in refs. 18 and 19, and data were analyzed with
the FLOWJO software (Treestar, San Carlos, CA).

For FACS-sort of CD31, CD41, and CD81 lymph node cells,
cell suspensions were stained with anti-CD3 Cy5-PE, anti-CD4
FITC, and anti-CD8 PE and sorted on a FACStar Plus (Becton
Dickinson) instrument. Cells were reanalyzed immediately after
sort and purities were .96%.

ELISA. The serum concentrations of a- and b-allotype IgM were
determined as described (14).

Statistical Analysis. Statistical significance was tested with the
nonparametric WilcoxonyKruskal Wallis Rank Test, or when
appropriate, with the two-tailed Student’s t test.

Results
Lack of B-1 Cell Self-Replenishment after Transfer into Adult m2/2

Mice. m2/2mice completely lack peripheral B cells and should be
a suitable recipient for B-1 cell replenishment after adoptive cell
transfer, because the only factor known to inhibit their expansion
is the presence of host-derived B-1 cells (12). We therefore tested
for B-1 cell reconstitution in m2/2 mice after adoptive transfer
of PerC from IgH allotype congeneic (C57BLy6.Igha) mice. As
controls, we used nonirradiated adult congenic RAG-12/2 mice
which lack mature B and T cells, and nonirradiated 2-day-old
congenic C57BLy6 (Ighb) mice, treated from birth for 6 weeks
with anti-IgMb to interrupt all recipient B cell development for
the duration of treatment (13). Because of the allotype speci-
ficity of the anti-IgMb treatment, donor-derived B cells are not
affected by the treatment.

Surprisingly, 2 months after cell transfer of FACS-sorted
peritoneal B-1 cells to m2/2 recipients, B-1 cells from the (Igha)
PerC donor were completely absent from the recipient perito-
neal cavity (Fig. 1 and Table 1) and spleen (data not shown). In
contrast, PerC donor-derived B-1 cells (Igha) were present at
roughly normal levels in the peritoneal cavity and spleen of
RAG-12/2 recipients and in nonirradiated 2-day-old C57BLy6
(Ighb) recipients treated from birth for 6 weeks with anti-IgMb.
Consistent with these FACS data, m2/2 recipients lacked serum
IgM, whereas the PerC donor-derived serum IgM levels in the
other recipients were comparable to the levels of control C57y
Igha mice (Table 1). Therefore, B-1 cells can neither establish a
self-replenishing B cell population nor secrete IgM after transfer
into adult m2/2 mice.

Restoration of B-1 Cell Self-Replenishment in Adult m2/2 Mice. Next
we determined whether B-1 cell reconstitution occurs after
irradiation of adult m2/2 mice and whether the source of the
bone marrow cells injected simultaneously with the PerC influ-
ences B-1 cell reconstitution. In contrast to the data obtained
with nonirradiated mice, PerC donor-derived B-1 cell reconsti-
tution occurred in the spleen and PerC of all lethally (Fig. 2) and
sublethally (data not shown) irradiated adult recipients, includ-
ing m2/2 mice. Thus, irradiation is sufficient to enable long-term
reconstitution of B-1 cells in adult m2/2 mice.

B-1 cell reconstitution was not affected by the bone marrow
source in any of the recipients. Regardless whether the B-1 cells
were cotransferred with bone marrow from C57BLy6 or m2/2

mice, the numbers of PerC donor-derived B-1 cells were com-

parable in peritoneal cavity and spleen in irradiated C57BLy6
recipients. The type of recipient, in contrast, did influence B-1
reconstitution in that the number of PerC donor-derived B-1
cells was significantly lower (P , 0.001) in m2/2 and RAG-12/2

recipients than in C57BLy6 recipients (Fig. 2). Interestingly,
reconstitution of the spleen and peritoneal cavity of these
recipients with bone marrow-derived (Ighb) B cells was similarly
influenced (Fig. 2). Consistent with reconstitution data observed
by FACS, PerC donor-derived serum IgMa was present in all
recipients, including m2/2 mice (Table 2). Thus, the inhibition of
B-1 cell replenishment in the m2/2 mice is caused by a mecha-
nism that can be overcome in most part by irradiation and is not
mediated by cells present in m2/2 bone marrow.

T-Cell Cotransfer Studies to Test for T-Cell Influence on B-1 Reconsti-
tution. Because we found that B-1 cell self-replenishment occurs
in the B- and T-cell-deficient RAG2/2 mice (Fig. 1) and the
block in m2/2 mice is overcome by irradiation, we next tested
whether the presence of T cells inhibits B cell reconstitution in
m2/2 mice. For this study, we cotransferred 2 3 106 FACS-sorted
CD41 or CD81 lymph node T cells from either C57BLy6 or m2/2

mice (both Ighb) with congenic Igha PerC and C57BLy6 bone
marrow cells, as a source for hematopoietic stem cells, into
lethally irradiated m2/2 (Fig. 3) or C57BLy6 mice (data not
shown). Transfers into both types of recipients yielded similar
results.

Fig. 3A illustrates the FACS analysis strategy used to deter-
mine the influence of cotransferred T cells on B cell replenish-
ment in PerC. B-1 and B-2 cells were identified by their
differential expression of CD5 and CD43 and the difference in
their levels of IgM and IgD expression. Additional staining for
CD23, CD11b (MAC-1), B220, and allotype-specific staining for
IgM and IgD confirmed that these cells were derived from the
PerC and bone marrow donor, respectively (data not shown). In

Fig. 1. Lack of B-1 cell replenishment after PerC transfer into adult m2/2

recipients. PerC from C57yIgha donors was transferred into adult m2/2 mice,
C57BLy6 neonates treated from birth for two month with anti-IgMb, and into
adult RAG-12/2 mice. 5% contour plots of recipient PerC cells are shown,
stained for total (Igha 1 Ighb) and allotype-specific IgM and IgD of live, nonT
cellsynonmacrophages (Fig. 3B). B-1 cells were identified as IgMhi IgDlo and B-2
cells as IgMlo IgDhi. Additional staining for CD5, CD11b, and CD23 confirmed
their belonging to the different lineages (not shown). Data are summarized in
Table 1.
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the spleen, similar staining was performed including anti-CD21
staining to better distinguish B-1 cells from marginal zone B cells
(not shown).

CD41 T Cells from m2/2 Mice Inhibit B-1 Cell Reconstitution and IgM
Production. Data summarized from three independent cell-
transfer experiments demonstrate that cotransfer of PerC and
bone marrow with CD41 T cells from m2/2 mice dramatically
decreases the numbers of B-1 cells in both peritoneal cavity and
spleen of recipient mice (Fig. 3 A and B). Moreover, no PerC
donor-derived serum IgMa was detected in these recipients
(Fig. 3C). This is in contrast to mice that received the same B cell
sources but did not receive T cells, mice that received CD41 or
CD81 T cells from C57BLy6 mice, or mice that received CD81

T cells from m2/2 mice. In all of these recipients, substantial
numbers of B-1 cells were found both in the peritoneal cavity and
the spleen, and sera from all mice had substantial levels of serum
IgMa (Fig. 3C). Thus, we conclude that the CD4 T cells from
m2/2 mice mediate the inhibition of B-1 cell development in the
transfer recipient.

CD41 T Cells from m2/2 Mice Inhibit B-2 Cell Reconstitution and IgM
Production. Importantly, the cotransfer of m2/2 CD41 T cells also
inhibited reconstitution of peritoneal cavity and splenic follic-

ular B-2 cells (Fig. 3). The most dramatic effects were seen in the
peritoneal cavity of these mice, where similar to the B-1 cells,
very few B-2 cells were found. Splenic follicular B cells were
recovered, albeit at greatly reduced levels. Serum IgMb (bone
marrow donor derived) levels were also significantly reduced in
mice that received CD41 T cells from m2/2 mice (Fig. 3C). As
in the B-1 cell reconstitution data, mice that did not receive
CD41 T cells from m2/2 mice showed no significant decrease in
B-2 cell reconstitution or serum IgMb levels. Taken together,
data from these cell-transfer experiments show that CD41 but
not CD81 T cells from m2/2 mice strongly inhibit the reconsti-
tution and function of PerC- and bone marrow-derived mature
B cells even 2 months after transfer.

B-1 Cell Replenishment Is m2/2 Recipient Age Dependent. Because
B-1 cell reconstitution does not occur when B-1 cells are
transferred into adult m2/2 mice but does occur when B-1 cells
are transferred to neonatal mice rendered B cell deficient by
anti-IgMb treatment (Fig. 1), we determined next whether B-1
cells are reconstituted by transfer of adult B-1 cells to young
m2/2 mice. In essence, we found that the numbers of PerC
donor-derived B-1 cells present in recipient m2/2 mice 8 weeks
or more after transfer and the levels of PerC donor-derived
serum IgMa are inversely related to the age of the recipient at
the time of cell transfer (Fig. 4). When the PerC cell transfer
was done within a few days after birth, substantial numbers of
B-1 cells were found in m2/2 mice 2–3 months after transfer.
The number of B-1 cells found in these m2/2 mice was
somewhat lower than observed in anti-IgMb-treated C57BLy6
mice; however, their B-1 cell-derived serum IgM levels were
comparable. No B-1 cells or serum IgM were found in any PerC
transfers done with recipient m2/2 mice at age 8 weeks or older.
Thus, inhibitory CD41 T cells in m2/2 are not present at birth
and emerge slowly as the animal develops, but only in the
absence of mature B cells.

Discussion
Early studies using chronic treatment with anti-IgM to deplete
B cells, and two recent studies with m2/2 mice, collectively
support the notion that the presence of B cells is necessary for
the normal functional development of T cells (20–27). The
earlier work suggests that certain T cells necessary for antibody
production are absent from anti-IgM-treated mice, whereas the
two most recent studies demonstrate the inability of T cells from
m2/2 mice to produce normal levels of various cytokines in
response to infection with lymphocytic choriomeningitis virus
(21) and to protein immunization (20). The data presented here
demonstrate that a CD41 T-cell population in adult m2/2 mice
is capable of inhibiting the development of all mature B cell
pools. In cotransfer studies, CD41 but not CD81 T cells from
these mice act to block both B-2 and B-1 cell reconstitution even
2 months after transfer whereas similarly cotransferred CD41 T
cells from normal mice do not impair B cell accumulation. The

Fig. 2. B-1cell replenishmentoccurs in irradiatedadult m2/2 miceafteradoptive
cell transfer. PerC (5 3 106) from C57yIgha donors and 3 3 106 bone marrow cells
from bone marrow (BM) donors were transferred into irradiated recipients as
indicated. Shown are means (6 SE) of total B-1 and B-2 cells recovered from
groups of recipient mice (group sizes shown in Table 2) 2–3 months after cell
transfer. Identification of B-1 and B-2 cells was done by FACS (Fig. 3A).

Table 1. B cell reconstitution after PerC transfer to nonirradiated hosts

Host n
Recipient

Igh
PerC§

Igh % B-2* 6 SD % B-1* 6 SD
Serum IgMa,

mgyml
Serum IgMb,

mgyml

m2/2 8 Ighb Igha 0.3 6 0.3 0.03 6 0.02 , 0.015 , 0.015
C57-Ab† 7 Ighb Igha 11 6 2.6 18 6 2.4 250 6 48 330 6 59
RAG2/2‡ 5 Ighb Igha 3.6 6 2.4 19 6 5.4 230 6 89 540 6 440
C57yIgha 6 Igha None 22 6 2.4 26 6 3.7 210 6 130 , 0.015
C57BLy6 7 Ighb None 13 6 5.2 22 6 5.5 , 0.015 590 6 380

*Shown is the frequency (6 SD) of cells among total live recipient PerC cells.
†Mice were treated from birth for 6 weeks with a total of 2 mg per mouse anti-IgMb.
‡Mice received i.v. 3 3 106 bone marrow from C57BLy6 2–3 months before analysis.
§Mice received 5 3 106 PerC cells from C57yIgha 2–3 months before analysis.
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presence of these T cells in adult m2/2 mice is sufficient to
explain the failure of transferred B-1 cells to reconstitute the B-1
population in the m2/2 mice

Our data also demonstrate that the ability of T cells to allow
replenishment of the peripheral B cell pools is acquired during
T-cell development. Transfer of B-1 cells into 3-day-old m2/2

mice leads to B-1 cell replenishment, whereas B-1 cell transfer
only 3 weeks later results in very little replenishment (Fig. 4).

Thus, the first 3 weeks of life, during which phenotypically
normal adult populations of CD41 and CD81 ab T cells develop,
also emerges as a crucial period during which the T-cell com-
partment is conditioned to permit normal B cell development. In
essence, the absence of B cells in m2/2 mice during this period
results in the development of an abnormal T-cell population that
dramatically impairs development of all mature B cell pools in
adoptive recipients.

Fig. 3. (A) FACS analysis of PerC isolated from irradiated m2/2 recipients 2 months after cotransfer of 2 3 106 FACS-purified CD41 T cells from wild-type (CD41

C57 m1/1) or m2/2 mice (CD41 m2/2), 5 3 106 PerC cells from C57yIgha and 3 3 106 bone marrow cells from C57BLy6 (Ighb) mice. Contour plots (5%) are shown.
The relative frequency of total live CD191, CD32, CD42, CD82, and F4y802 and IgDhi IgMlo follicular B-2 cells and IgDlo IgMhi CD51 and CD431 B-1 cells is indicated.
(B) Summary of data from three independent transfer experiments with five groups (n 5 6–10 per group) of recipient m2/2 mice that had received PerC (Igha)
and bone marrow (Ighb) together with FACS-purified CD41 or CD81 T cells from either wild-type C57BLy6 or m2/2 mice, or no T cells. Total numbers (6 SE) of the
indicated B cell subpopulations in the peritoneal cavity and spleen are shown, calculated from the relative cell numbers obtained by FACS and total live cell counts
obtained by counting acridine orangeyethidium bromide-stained cells. (C) Serum levels of PerC donor (B-1)-derived IgM-a and bone marrow-derived IgM-b
(means 6 SE) in the five groups of recipient mice determined by ELISA.

Table 2. Serum IgM levels after PerC and bone marrow transfer into irradiated hosts

Host* n Donor BM Donor PerC
Serum IgMa†,
mgyml 6 SE

Serum IgMb†,
mgyml 6 SE

IgMa 1

IgMb‡, mgyml

m2/2 7 m2/2 C57yIgha 340 6 170 , 0.015 340
m2/2 7 C57 C57yIgha 600 6 140 510 6 98 1,100
RAG12/2 5 C57 C57yIgha 370 6 68 710 6 44 1,100
C57 4 m2/2 C57yIgha 1,100 6 91 160 6 7.0 1,200
C57 10 C57 C57yIgha 570 6 23 240 6 24 820

*Lethally irradiated recipients before transfer of 5 3 106 PerC and 3 3 106 bone marrow cells (BM) from donors
indicated in Table. Sera were taken from mice 2–3 months after transfer and analyzed by ELISA.

†Data shown are mean titers 6 standard error.
‡Mean total IgM levels were calculated by adding the values obtained by ELISA for IgMa and IgMb.
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These findings suggest that B-1 cells may have an important
role to play during ontogeny. B-1 cells are present early in
development, before the first mature thymus-derived T cells
appear in the periphery (9, 28, 29). Furthermore, although B-1
cells are rarely found in lymph nodes, they are present in the
thymus of newborn and adult mice (30). Thus, by acting to ensure
normal functional T-cell development during the neonatal pe-
riod, before the first wave of bone marrow-derived B cells
accumulate in the periphery, B-1 cells enable normal antibody
production by their own progeny and by B-2 cells that provide the
bulk of the adaptive immune response (14).

The close proximity of B-1 cells and the developing T-cell
populations in the neonate could reflect the need for education
of T-cell populations to support B cell development in adults.
However, T cells are not required for B cell maturation, because
B cells develop in RAG-12/2 mice in the complete absence of T
cells (Figs. 1 and 2), and mice lacking ab T cells have normal or
even higher numbers of all peripheral B cells (31). Therefore, we
conclude that CD41 T cells from m2/2 mice actively inhibit the
expansion of bone marrow and PerC-derived mature B cells
rather than fail to provide positive signals to enable B cell
development. Consequently, we view the role of B-1 cells during
the neonatal period as revolving around the depletion of or
functional alteration of T cells that would otherwise persist and
inhibit the accumulation of B cells in the adult.

Consistent with T cells in adult mice being responsible for
inhibition of B cell development, transferred B-1 cells readily
reconstitute the B-1 compartments in m2/2 mice when the vast
majority of peripheral T cells are removed by the irradiation before
cell transfer (Fig. 2). This reconstitution occurs even when the
irradiated m2/2 mice are rescued with m2/2 bone marrow.

At least three different scenarios can be envisaged for the way
in which CD41 T cells in m2/2 mice inhibit the accumulation of
mature B cells in the peripheral lymphoid compartments. First,
T cells that develop in the absence of B cells and Ig might
recognize the B cells as ‘‘non self’’ and remove these cells directly
via cytolysis. Second, CD41 T cells could activate CD81 T cells
or other cells, which could then give an inhibitory or death signal
to the B cells. Third, direct CD41 T cell–B cell interaction could
occur between B-1 cells and T cells, e.g., CD41 T cells from m2/2

mice might deliver an inhibitory or death signal to the cells so
that no mature B cells accumulate in the periphery. The CD95y
CD95L pathway, which is known to play a role during cognate
CD41 T cell–B cell interaction (32, 33), is a possible death
pathway for such a direct interaction.

Although all of these mechanisms are reasonable, we find no
evidence for nonself recognition of B cells by m2/2 T cells. Because
early B cell precursors are present in the m2/2 mice, the T cells in
these mice should be tolerant to all B cell proteins that are expressed
until the proB cell stage. The expression and recognition of novel
self-antigens such as the pre-B cell receptor would be expected to
lead to a deletion of B cells at an early stage of development;
however, we find mature B cells in the periphery, although in greatly
reduced numbers, and we find relatively normal numbers of im-
mature B cells (N.B., G.C.J., O.C.H., and L.A.H., unpublished
work). Second, B cell deletion because of nonself recognition would
be expected to be mediated also by cytolytic CD81 T cells, because
B cells continuously express self-antigens via their MHC class I
molecules; however, the inhibition of B cell development that we
observe is mediated by cotransferred CD41 T cells, and not by
cotransferred CD81 T cells. Finally, we have found that coculturing
T cells from m2/2 mice together with total splenic B cells does not
induce T-cell proliferation, even when m2/2 mice are primed with
B cells before the T cells are isolated from their lymph nodes (N.B.,
unpublished work). Therefore, if CD41 T cells recognize the B cells
as nonself and induce cytolyis in vivo, this would have to occur
indirectly via activation of a cell population other then CD81 T
cells.

As we will show elsewhere (N.B., G.C.J., O.C.H., and L.A.H.,
unpublished work), the CD41 T cells from m2/2 mice inhibit
B cell differentiation at or shortly after the immaturey
transitional stage leading to the lack of follicular B cells shown
in this study (Fig. 3). At this stage, immature B cells accumulate
in the T-cell-rich areas of the spleen periarteriolar lymphoid
sheath (PALS) (34–36), where a small fraction of B cells is then
selected into the long-lived mature follicular B cell pool or
perhaps become marginal zone B cells (3, 4, 37). The migration
of immature B cells to the T-cell areas suggests that T-cell–B cell
interaction at this point is a physiological process. Moreover,
interaction of immature B cells with CD41 T cells in the PALS
has been demonstrated in a number of transgenic models (3, 4,
32, 38–43). The third scenario, i.e., the physiological interaction
of CD41 T cells with immature B cells, seems therefore most
consistent with our data.

Immature B cells are exquisitely sensitive to induction of
apoptosis (43, 44), but can be rescued by provision of IL-4 or
signaling through CD40 (45) by CD41 T cells. Data demonstrat-
ing that m2/2 T cells produce less IL-4 after stimulation (20) are
not sufficient, however, to explain the inhibitory effect of the
CD41 T-cell population from m2/2 mice. m2/2 CD41 T cells
inhibit B cell maturation in the presence of normal mature T cells
derived from cotransferred PerC and bone marrow, that should
be able to provide the required signals. Furthermore, T cells are
not required for B cell maturation, because B-1 cells develop in
RAG-12/2 mice in the complete absence of T cells (Figs. 1 and
2), and mice lacking ab T cells have normal or even higher
numbers of all peripheral B cells (31). Therefore, we conclude
that CD41 T cells from m2/2 mice actively inhibit the expansion
of bone marrow and PerC-derived mature B cells rather than
lack the ability to provide a positive signal(s).

In conclusion, our findings have important implications for
both T- and B cell development. In essence, they demonstrate
that the presence of B-1 cells early in ontogeny might be a
necessary first step to enable the conditioning of the developing
CD41 T cells, so that these T cells can permit or even regulate
the size of the peripheral B cell pools.
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Fig. 4. Lack of B-1 cell replenishment in m2/2 mice is recipient age dependent.
Groups of recipient m2/2 mice varying in age as indicated received 5 3 106 PerC
cells from C57yIgha donors. Control C57BLy6 neonates (first column) received
PerC and were treated for 6 weeks with anti-IgMb. PerC was analyzed for the
presence of donor-derived B-1 cells by FACS (Fig.3A). Means 6 SE of B-1 cells
recovered 2–3 months after cell transfer or end of antibody treatment are
shown. Serum IgMa levels (means 6 SE) were measured by ELISA.
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