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Immature B lymphocytes from adult bone marrow exhibit a selective defect in
induced hyperexpression of major histocompatibility complex class II and fail to
show B7.2 induction

S. MARSHALL-CLARKE,* L. TASKER* & R. M. E. PARKHOUSETY *Department of Human Anatomy and Cell Biology,
The University of Liverpool, New Medical School, Ashton Street, Liverpool, and 1 Division of Immunology, Institute for Animal
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SUMMARY

Mature B lymphocytes respond to antigen receptor ligation by phenotypic changes, including up-
regulation of major histocompatibility complex class IT molecules and expression of B7.2, which are
required for initiating and sustaining a productive interaction with T helper cells. We have
previously demonstrated that neonatal B cells fail to show a similar up-regulation of class II and
B7.2 expression following B-cell receptor (BCR) ligation, although these responses could be induced
by other stimuli. Here we demonstrate that immature B cells from adult bone marrow exhibit even
more profound defects in these responses, as they fail to up-regulate class II in response to either
BCR ligation or interleukin-4. Moreover, bone marrow-derived, immature B cells could not be
induced to express B7.2 either by receptor cross-linking or by lipopolysaccharide. These differences
in the inducible expression of class II and B7.2 appear to be intrinsic to the B cells, as they were
retained in purified populations of B-lineage cells and could not be induced in mature B cells by co-
culture with bone marrow cells. Furthermore, short-term culture of bone marrow permitted B-cell
maturation, which was accompanied by acquisition of responsiveness to the same stimuli as mature,
splenic B cells. The inability of immature B cells to show these responses provides a molecular
explanation for their reported deficiency in interacting with T cells. Failure of immature B cells to
inducibly express B7.2 may also be important for the establishment of self tolerance in the B-cell

compartment.

INTRODUCTION

Class II major histocompatibility complex (MHC) molecules
(MHC-II) play a critical role in immune responses. They are
responsible both for the positive selection of T cells in the
thymus, which shapes the T-cell repertoire, and for the
presentation of antigenic peptides to CD4 " T cells. Expression
of MHC class II molecules is developmentally regulated and
mainly restricted to specialized cells such as thymic epithelial
cells and professional antigen-presenting cells (APC) including
macrophages, dendritic cells and B lymphocytes. Several
studies show that the nature of the cell acting as APC is
important in determining the type of response elicited from
T cells'? and that B cells are essential at least for responses to
some antigens.>> Amongst cells with APC capability the level
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of constitutive expression of MHC-II is tightly controlled
during development and may be up-regulated upon cellular
activation. In the B-cell compartment, class II expression can
be induced in pre-B cells by interleukin-4 (IL-4).® Mature B
cells constitutively express class II molecules at modest levels
and show a dramatic hyperexpression on activation,”® and
terminal differentiation to the plasma cell phenotype is
accompanied by loss of class I expression.

The level of MHC-II expression has been shown to
influence T-cell activation directly'® and, taken together with
evidence that processed peptides are targeted to newly
synthesized class II molecules,!! this suggests that the ability
of B cells to up-regulate MHC-II expression following
activation is likely to be critical in their ability to function as
APC.

There is now substantial evidence that, in addition to
ligation of T-cell receptors (TCR) by peptide-loaded MHC-II,
successful T-cell activation requires the delivery of other co-
stimulatory signals. In particular, signalling via CD28 (when
this molecule is ligated by B7.1 or B7.2 molecules on the APC)
appears to be critical.'> Co-stimulation through B7.1 and B7.2
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have been shown to influence differentially the outcome of T-
cell activation, biasing responses to either those of the T helper
type 1 (Th1) or Th2 type.'® B cells do not constitutively express
B7.1 or B7.2, but both are induced on activation. Some stimuli,
such as lipopolysaccharide (LPS), induce expression of both
molecules, whilst others preferentially induce one or the other.
Ligation of B-cell antigen receptors (BCR) has been shown to
induce expression of B7.2 but not B7.1.'* These findings
suggest that the ability of B cells to act as effective APC for T-
cell activation is likely to be dependent on their ability to
respond to antigen binding both by up-regulating MHC-II
expression and by showing induced expression of B7.2.

We have recently shown that immature B cells from
neonatal spleen exhibit a specific inability to up-regulate MHC
class II expression following ligation of their BCR,!® although
induction of class II hyperexpression by other stimuli,
including ligation of IL-4 receptors and CD40, was as effective
as on mature, adult B cells. Furthermore, we have also
demonstrated that neonatal B cells fail to show induced
expression of B7.2 after BCR cross-linking.'® These findings
correlate strongly with observations by Morris and co-work-
ers'” that the ability of B cells to act as effective APC is
developmentally regulated. In this report, B cells from neonatal
spleen were shown to be unable to present an antigen which
required processing to an antigen-specific T-cell line. This
correlation suggests a causal relationship between the ability of
B cells to modulate MHC-II and B7.2 expression and their
APC activity. Here we report experiments which provide
further support for this relationship.

In addition to showing that neonatal B cells were ineffective
APC, Morris and colleagues also found that B cells from
freshly explanted adult bone marrow failed to present antigen
to T cells. Interestingly, marrow-derived B cells were shown to
acquire APC capacity equivalent to that of mature, splenic B
cells after short-term culture. We have now investigated
inducible class II hyperexpression and B7.2 expression by
immature B cells from adult bone marrow. Our data indicate
that freshly explanted bone marrow B cells, like neonatal B
cells, fail to show both surface immunoglobulin (slIg) -induced
MHC-II hyperexpression and B7.2 expression. Indeed they fail
to up-regulate class II in response to stimuli which were
effective on neonatal B cells. However, after culture for several
days, bone marrow B cells became responsive to the same
stimuli as mature adult B cells. These findings show that the
regulation of molecules critically involved in T-cell activation is
developmentally controlled in the B-cell lineage and they
provide a possible molecular basis for the acquisition of APC
activity by B cells.

MATERIALS AND METHODS

Mice
BALB/c mice were bred in our animal facility and were used for
experiments at 10-12 weeks of age unless otherwise stated.

Antibodies and reagents

The following antibodies were used in this study. Rat anti-
mouse k-chain (mAb187.1); rat anti-mouse I-A¢ (NIM-R4);
biotin and fluorescein-coupled rat anti-mouse B220 (CD45;
RA3-6B2, Pharmingen, San Diego, CA); rat anti-mouse B7.2
(CD86; 2D10, a kind gift of Dr D. Faherty, Hoffmann-La

Roche, NJ); rat anti-mouse immunoglobulin D (IgD; 1.19);
F(ab’),, goat anti-mouse p-chain (Chemicon, Harrow, UK);
FGK65, rat anti-mouse CD40 (a kind gift from Dr J.
Andersson, Basel Institute for Immunology, Basel,
Switzerland). Non-commercial antibodies were partially pur-
ified by ammonium sulphate precipitation and/or chromato-
graphy on protein G-Sepharose (Calbiochem, Nottingham,
UK) and, where appropriate, coupled with biotin or fluorescein
by standard methods. Biotinylated antibodies were revealed
using PE-streptavidin (Serotec, Oxford, UK). Recombinant
murine IL-4 was obtained from Genzyme (Cambridge, MA).
LPS (Escherichia coli 055B5) was obtained from Difco, Detroit,
MI. Ionomycin and (-)-indolactam V were obtained from
Sigma (Poole, UK).

Cell preparation and culture

Adult B cells were purified from spleen cell suspensions as
described previously.!> Bone marrow cells were prepared by
flushing out the contents of the femurs removed from adult
mice with RPMI-1640 using a syringe equipped with a
23-gauge needle. Clumps were disrupted by gentle tituration
through a 23-gauge needle. The cell suspension was washed in
RPMI-1640 and erythrocytes were removed by lysis in 0-83%
w/v ammonium chloride for 2-5 min. After two further washes,
cells were resuspended in RPMI-1640 containing 10% v/v
selected fetal calf serum (FCS), 1 mm sodium pyruvate, 2 mmL-
glutamine, 50 U/ml penicillin, 50 mg/ml streptomycin and
5x 107> M 2-mercaptoethanol. For short-term culture, cells
were incubated at 2 x 10%ml in supplemented RPMI-1640 for
24-48 hr in 24-well plates with the stimuli indicated. Cultured
marrow cells were derived by culturing the cells at
2% 10°—4x 10%ml for 72 hr in supplemented RPMI-1640,
non-adherent and loosely adherent cells were recovered by
gentle pipetting and were washed twice before being used for
experiments.

Magnetic activated cell sorting (MACS) separation

For MACS separation, bone marrow cells prepared as above,
were suspended at 103/ml in phosphate-buffered saline (PBS)
containing 1% w/v bovine serum albumin (BSA), 1 mm EGTA
and 0-005% w/v sodium azide (MACS buffer). Then, 10 ul of
anti-B220 coupled magnetic microbeads (Miltenyi Biotec,
Bergisch Gladbach, Germany) were added to each 90 ul of
cells and incubated at 4° for 15 min. After one wash in 5-10 ml
MACS buffer the cells were resuspended at 1 x 107 —5 x 107/ml
in MACS buffer, applied to columns and B220 positive cells
were eluted according to the manufacturer’s instructions. Cells
purified in this way were always >95% B220*

Flow cytometry
Cells (10°) were washed in PBS containing 0-2% w/v BSA and
0-2% w/v sodium azide (PBS-BA) and stained with fluorescein
isothiocyanate (FITC) -coupled reagents (10-50 pg/ml) for
30 min on ice. The cells were then washed, incubated with
biotin-coupled reagent 10-50 pug/ml for a further 30 min on ice,
washed again and incubated with phycoerythrin (PE)-coupled
streptavidin (0-1 mg/ml) for 20 min and washed twice more
prior to analysis.

Flow cytometry was performed using a fluorescence-
activated cell sorter (FACScan) cytometer (Becton Dickinson,
Oxford, UK). Dead cells were excluded on the basis of their
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forward- and side-scatter characteristics. For spleen cells an
electronic gate was set to include lymphoid cells, the analysis of
bone marrow cells was based on those which fell within an
extended lymphoid gate, set to include >90% of slg-positive
cells. Results shown are based on 5000-20 000 events.

RESULTS

IL-4 does not induce elevation of MHC class II expression on
immature B cells from adult bone marrow

It has been widely shown that IL-4 is a potent inducer of class
II hyperexpression on B cells; even immature B cells from
neonatal spleen, which fail to up-regulate class II in response to
BCR ligation, remain responsive to this stimulus.'”> We
examined the response of bone marrow B cells to 1L-4 by
culturing freshly explanted bone marrow cells in the presence of
the cytokine and comparing MHC class II expression with that
induced in mature, splenic B cells by two-colour immuno-
fluorescence. Levels of class II expression on unstimulated bone
marrow (k1) B cells were noticeably lower than those on
splenic B cells (Fig. 1) as has been observed by others, a small
fraction (6%) of cells (presumably mature B cells — see Fig. 2a)
expressed higher class II levels. As expected, mature, splenic B
cells showed a marked (three- to five-fold) increase in class II
expression in the presence of IL-4. In contrast, overall
expression of class II on k% bone marrow B cells was
unaffected by this stimulus; although some cells expressing high
levels of k (again presumably mature B cells) did show a modest
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Ig-x

10° 10°*

increase in class II. These cells represented less than 20% of
total k™ cells.

Induction of class II up-regulation by other stimuli

Since bone marrow B cells were refractory to IL-4-induced
class II hyperexpression, their response to other stimuli which
modulate class I expression was investigated. To analyse the
response to ligation of sIg it was necessary to examine class 11
expression on B220 ™" cells, because ligation of sIg with anti-p
antibodies caused a marked down-regulation of sIg expression,
precluding its use as a marker for B cells. Preliminary
experiments (Fig. 2a) revealed that approximately 80% of
bone marrow cells falling within an extended lymphoid gate
were B2207, 80% of these were class IIT and 45-50% were
IgM ™. A small fraction (~10%) of the cells expressed B220
and class II at levels comparable to those seen on splenic B cells
(B220M), essentially all of these were u* &+ (data not shown).
When stimulated with anti-y, immature B cells from adult bone
marrow failed to up-regulate class I, but ligation of CD40 with
anti-CD40 mAb did provoke a two- to three-fold increase in
class IT expression on B220* cells (Fig. 2b). In contrast, both
stimuli induced marked class II hyperexpression in mature,
splenic B cells. Bone marrow B cells (k") also failed to show
increased class II expression when cultured with anti-
CD38 mADb or LPS, even after 48 hr, although both stimuli
induced class II hyperexpression on splenic B cells (Fig. 2c).
Bone marrow B cells remained refractory to IL-4-induced class
IT hyperexpression after 48 hr in culture and at levels of the
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Figure 1. Bone marrow B cells fail to up-regulate MHC class II in response to IL-4. BALB/c spleen and bone marrow cells (2 x 10%/ml)
cultured in medium (Nil) or with 50 U/ml of recombinant murine 1L-4 for 24 hr, were stained to reveal expression of Igk and MHC
class II and analysed by flow cytometry. The numbers in the upper right quadrant of each plot indicate the mean fluorescence intensity
(MFI) of class II staining on the cells in that quadrant. Cells were gated on their forward- and side-scatter characteristics to collect
data from lymphoid cells, for bone marrow an extended lymphoid gate was employed. The results shown are based on analysis of
10 000 gated events and are representative of five similar experiments.
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Figure 2. Bone marrow B cells fail to up-regulate MHC class II in response to BCR ligation but are responsive to CD40 ligation. (a)
Bone marrow cells were stained to reveal expression of MHC class II and IgM on B220 " cells. Figures in the upper quadrants show
the percentage of B220* cells bearing MHC class II (left panel) and IgM (right panel). (b) Spleen and bone marrow cells were cultured
at 2 x 10%ml in medium or with 10 pg/ml F(ab), anti-i or 5 pg/ml anti-CD40 as shown. After 24 hr the cells were stained for B220 and
MHC class 11 expression and analysed by flow cytometry. Gating was as for Fig. 1. The results shown represent 5000 gated events, and
the figures in the upper right quadrant indicate the MFI of class II staining of the various populations. (c) Spleen and bone marrow
cells were cultured as above with the indicated stimuli for 24 or 48 hr before being analysed for MHC class II expression. 1L-4 was
used at 1, 10 and 100 U/ml, anti-CD40 at 5 pg/ml, anti-CD38 at 20 pg/ml and LPS at 10 pg/ml. The results shown indicate the fold
increase in the mean fluorescence of MHC class II on B220™ cells compared to that of control, unstimulated cells. The control values

were: spleen (24 hr) 355; bone marrow (24 hr) 150; spleen (48 hr) 376; bone marrow (48 hr) 205. The data shown were calculated from
analysis of 10 000 gated events in each case.
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Figure 3. Co-culture with bone marrow does not influence class II up-regulation by splenic B cells. BALB/c spleen cells (1 x 10°) were
cultured with CBA bone marrow cells (2 x 10°) in 2 ml cultures, with or without murine IL-4 (50 U/ml) for 24 hr before being stained
and analysed for Igk and class II expression by flow cytometry. Staining with NIM-R4 reveals MHC class II on cells of H2¢ but not
H2* haplotype. Figures in the upper right quadrant indicate the MFI of class II fluorescence of the cells within that quadrant. Results
shown are based on 10 000 gated events and are representative of two similar experiments.

cytokine 100 times greater than those which induced a clear
response in mature, splenic B cells.

Differences in class II up-regulation are an inherent property
of immature, bone marrow B cells

The inability of bone marrow B cells to hyperexpress MHC
class II in response to several stimuli which induced up-
regulation in mature B cells could result from inhibitory effects
on the B cells exerted by other marrow cells present in the
culture. To investigate this possibility, mature, splenic B cells
were co-cultured with bone marrow cells and the effect of this
on their ability to up-regulate class II was assessed. In order to
examine the response of only the splenic B cells, advantage was
taken of the fact that the reagent used to detect MHC class 11
(NIM-R4) reacts with I-A® but not I-A* (E. Andrews and S.
Marshall-Clarke, unpublished results). BALB/c (I-A%) splenic
B cells were therefore co-cultured with a two-fold excess of
CBA (I-A¥) bone marrow cells and class 1I hyperexpression
was induced by addition of IL-4. The data (Fig. 3) indicate that
the presence of an excess of bone marrow cells did not affect the
ability of the mature BALB/c B cells to hyperexpress class II in
response to IL-4. It therefore seems unlikely that the lack of
this response in immature, bone marrow B cells is due to the
influence of non-B-lineage cells; rather it appears to be an
inherent property of the bone marrow B cells themselves.
This conclusion was strengthened when class IT modulation
was assessed on purified B220" cells (Fig. 4). Even in the
complete absence of non-B-lineage cells, bone marrow B cells
still failed to show class II hyperexpression after treatment with

© 2000 Blackwell Science Ltd, Immunology, 100, 141-151

IL-4 or anti-p. Ligation of anti-CD40 did, however, induce a
two- to three-fold increase in class II fluorescence and,
interestingly, a modest increase was also seen after stimulation
with LPS, although this stimulus was ineffective on unsepa-
rated bone marrow B cells.

Immature B cells from adult marrow acquire the ability to up-
regulate class II after short-term culture

Short-term culture of bone marrow cells has been shown to
allow the maturation of B cells from their precursors.'®
Interestingly, in the experiments of Morris and co-workers,
freshly explanted bone marrow cells were unable to effectively
process and present antigen to a T-cell clone, but acquired the
capability to do so after 72 hr in culture.'” The ability of freshly
isolated and cultured bone marrow B cells to up-regulate MHC
class II expression in response to various stimuli was therefore

Table 1. Surface expression of Igk, MHC class II and B220 on freshly
isolated and cultured bone marrow cells

MFI* MFI
Cells Yolgk (Igk) (class II)T %B220
Fresh marrow 26 113 193 71
Cultured marrow 54 222 293 83

Cells were isolated, cultured and stained as described in the Materials and
Methods and fluorescence was analysed on cells falling within an extended
lymphoid gate. *Mean fluorescence index; mean fluorescence of class IT
staining on Igk cells.
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Figure 4. Purified B220" bone marrow cells remain refractory to MHC-II up-regulation. Spleen cells or MACS-purified B220 " bone
marrow cells were cultured (2 x 10%/ml) with recombinant murine IL-4 (50 U/ml), goat F(ab), anti-u (10 pg/ml), rat anti-mouse CD40
(10 pg/ml) or LPS (10 pg/ml) for 24 hr before being stained and analysed for B220 and class II expression by flow cytometry. Figures
in the upper right quadrant indicate the MFI of class II fluorescence of the cells within that quadrant. Results shown are based on

analysis of 10 000 gated events.

compared (Table 1 and Figs 5 and 6). After 3 days in culture
bone marrow cell suspensions contained more k™ B cells and
these expressed higher levels of both sIg and MHC class II
(Table 1) there was also a shift towards a higher proportion of
B220" cells (Fig. 5a) and of mature sIgD* cells (data not
shown). The cultured cells also showed functional maturation
since cultured B cells were clearly induced to hyperexpress class
IT in response to both IL-4 (Fig. 5b) and anti-u (Fig. 6). Their
response to CD40 ligation was also improved (Fig. 5b). These
data correlate well with those on the effectiveness of bone
marrow cells as APC, indicating that the ability to hyperexpress
class I MHC molecules may be a necessary prerequisite for a
productive B-cell : T-cell interaction.

Class II up-regulation can be induced in bone marrow B cells
by activation of protein kinase C, but not by elevation of
intracellular Ca>*

Taken together with our previous data on immature B cells
from neonatal spleen, these findings suggest the existence of
several distinct pathways by which class II hyperexpression can
be signalled. They also provide evidence that the availability of
these pathways is differentially regulated during B-cell devel-
opment and differentiation. To explore this further we
investigated the effects on class II expression of protein kinase
C (PKC) activation using (-)-indolactam V and elevation of
intracellular Ca>* by treatment with ionomycin. Both agonists

© 2000 Blackwell Science Ltd, Immunology, 100, 141-151
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Figure 5. Acquisition of IL-4-induced class II hyperexpression by cultured bone marrow B cells. Freshly explanted bone marrow cells or cells
harvested after culture at 2 x 10%ml for 3 days, were either (a) stained for analysis of MHC class IT and B220 expression, or (b) incubated for 20 hr
with IL-4 (100 U/ml) or anti-CD40 (5 pg/ml) prior to staining for expression of Igk and MHC class I1. Cell staining and fluorescence analysis was
carried out as described in Fig. 1. Figures in the upper right quadrant indicate the MFI of class II fluorescence on Igk ™ cells. Data shown are based
on the analysis of 5000 gated events and are representative of five similar experiments. Expression of class II on control (unstimulated) cells was
compared to that on stimulated cells by Student’s ¢-test. Fresh marrow: control versus IL-4, 0-1 < P>0-05; control versus anti-CD40, P <0-0005.
Cultured marrow: control versus IL-4, P <0-0005; control versus anti-CD40, P <0-0005.

induced class II hyperexpression in mature, adult B cells
(Fig. 7) and in immature B cells from neonatal spleen (data not
shown). However, although freshly isolated bone marrow B
cells were induced to up-regulate class II after PKC activation
with (-)-indolactam V they were refractory to the effects of
ionomycin (Fig. 7). It thus appears that the immature B cells in
murine bone marrow possess the relevant PKC isoform which
participates in this response and that this can be activated. In
contrast, they apparently lack those pathways which connect
an elevation of intracellular Ca>" concentrations to increased
transcription of class II genes.

Bone marrow B cells show a selective failure in B7.2 induction
following slg ligation

In mature B cells antigen receptor cross-linking induces the
expression of B7.2 (CD86). The expression of this molecule is
essential for B cells to act as effective APC since it provides co-
stimulatory signals by ligating CD28 on the T cells whose TCR

© 2000 Blackwell Science Ltd, Immunology, 100, 141-151

has been engaged by peptide-loaded MHC class molecules. We
therefore considered it possible that the failure of bone marrow
B cells to act as APC could result from an inability to show
B7.2 induction. To test this, the induction of B7.2 by
immunoglobulin ligation with anti-u and simulation with
LPS was compared on mature B cells from adult spleen and B
cells from freshly isolated and cultured marrow. As can be seen
from Fig. 8, splenic B cells were induced to express B7.2 by
both stimuli. Amongst bone marrow-derived cells the B220"
cells were induced to express B7.2 after culture with LPS but
only a fraction (30%) of these responded to slg cross-linking.
Cells which were B220" did not respond to either stimulus.
Cultured bone marrow contained a higher proportion of B cells
and more of these expressed B220 at a level comparable with
that seen on mature, splenic B cells. Like splenic B cells, these
cells responded to both BCR ligation and LPS treatment by
strongly up-regulating B7.2. The residual B220'° cells (which
were >30% Ig™) did not show this response. Thus it appears
that immature B cells in the bone marrow are unable to up-
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Figure 6. Responsiveness of cultured bone marrow B cells to BCR
ligation. Spleen cells or freshly isolated or cultured (3 days at 2 x 108/
ml) bone marrow cells as indicated, were incubated for 20 hr with IL-4
(100 U/ml), F(ab), anti-u (10 pg/ml) or anti-CD40 mAb (10 pg/ml)
before being analysed for expression of MHC class II by flow
cytometry. Analysis was carried out as in Fig. 2. The data shown
indicate the fold increase in the mean fluorescence of MHC class II on
B220* cells compared to that of control, unstimulated cells. The
control values (mean + SEM) were: spleen, 289 +6-4; bone marrow,
1354 5-2; cultured bone marrow, 235+4-3. The data shown were
calculated from analysis of 5000 gated events in each case. Class 11
fluorescence on control and stimulated cells was compared by Student’s
t-test. Except for responses of freshly isolated cells to IL-4
(*0-5< P>0-25) and anti-u (**0-15< P>0-1), all other responses were
significantly different from controls (P <0-0005).

regulate B7.2 expression and that culturing marrow for 72 hr
allows B cells to mature both in terms of their surface
expression of B220 (and IgD, data not shown) and in their
ability to show induced expression of this important co-
stimulatory molecule.

DISCUSSION

The response of B lymphocytes to antigen receptor ligation
depends on their differentiation status. Immature B cells,
whether from fetal liver, neonatal spleen, or adult bone
marrow, have been shown to be highly susceptible to tolerance
induction, especially in the absence of T cells.'”?° Recent
experiments have suggested that this sensitivity results from an
increased susceptibility to clonal deletion since mature adult B
cells require a higher affinity interaction with self antigen to be
deleted in a transgenic model,?! are refractory to the induction
of apoptosis by soluble anti-immunoglobulin antibodies** and
are only induced to undergo apoptosis when slg is hypercros-
slinked.?®* These differences are presumed to reflect develop-
mental regulation of BCR-coupled signalling pathways but,
although some differences have been reported,>*>¢ the critical
elements underpinning this differential responsiveness remain
to be resolved.

We have examined the ability of immature B cells to up-
regulate MHC class II expression in response to BCR ligation
and other stimuli and reported that immature B cells from
neonatal spleen were shown to exhibit a selective defect in this

response which affected anti-immunoglobulin induced class 11
hyperexpression, but not that induced by other stimuli
including IL-4 and anti-CD40."> Furthermore, BCR ligation
of immature B cells from neonatal spleen failed to induce
surface expression of the co-stimulatory molecule, B7.2,
although other stimuli could induce its expression.'® Here we
have extended these findings by examining the induction of
class II hyperexpression and inducible B7.2 expression in
immature B cells from adult bone marrow. B cells freshly
explanted from adult marrow did not show up-regulation of
MHC class II in response to stimulation with either anti-
immunoglobulin antibodies or IL-4. In this regard they differed
from both mature, adult B cells which respond to both stimuli,
and to immature, neonatal B cells which respond to IL-4 but
not to immunoglobulin cross-linking.!”> Culture of bone
marrow B cells with an agonistic anti-CD38 monoclonal
antibody?’ also failed to induce class II up-regulation, although
mature adult B cells responded to this stimulus. This result
provides a further example of the apparently tight coupling of
responses induced by CD38 ligation to the signalling capacity
of the BCR.Z%% However, short-term culture of bone marrow,
prior to stimulation, allows B-cell maturation and the
concomitant development of the ability to hyperexpress
MHC class II. Taken together these findings demonstrate the
existence of multiple pathways for signalling the induced
hyperexpression of MHC class II and show that these are
differentially regulated in different locations and at different
stages of B-cell maturation. It has recently been elegantly
demonstrated that the gene encoding the MHC transactivator,
CIITA, which ultimately regulates MHC class 11 expression, is
under the control of several different promoters which are
differentially utilized by cells of different lineages.> It seems
very probable that the complex control of constitutive and
inducible MHC class II expression during B-cell differentiation
and ontogeny is achieved by the differential use of these
promoters, and we are currently investigating this possibility.

The differences in inducible MHC class II expression
exhibited by bone marrow and splenic B cells could be an
inherent property of the cells or, alternatively might result from
the influence of some external factor, present in the bone
marrow environment but not in the spleen. In two recent
reports, type 1 interferons have been shown to affect the
development of B lymphocytes when administered in vivo®! and
influence their ability to proliferate in response to immunoglo-
bulin ligation.* It was thus possible that cytokines or other
stromal cell-derived factors could be exerting an inhibitory
effect on the ability of bone marrow B cells to show class II
hyperexpression. Our data suggest that this is unlikely because
mature splenic B cells co-cultured with bone marrow cells
remained responsive to both IL-4 and anti-immunoglobulin,
and B220-purified bone marrow B cells were as unresponsive as
unseparated cells. There were, however, some differences in the
induction of MHC class II hyperexpression in response to LPS.
This stimulus failed to provoke class II hyperexpression in B
cells in intact marrow (Fig. 2), but did stimulate up-regulation
in B220-purified cells (Fig. 4), suggesting that extrinsic, stromal
factors may influence the ability of developing B cells to
respond to LPS. The fact that bone marrow B cells could
hyperexpress MHC class II following ligation of CD40 also
argues against this possibility and shows that the response
elements required for class II up-regulation are intact in
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were cultured at 2 x 10%ml for 20 hr with (-)-indolactam V (30 ng/ml) or ionomycin (0-1 um). Cell staining and fluorescence analysis

were carried out as described in Fig. 5.

immature B cells. It thus appears that the inability of immature
B cells in adult marrow to show up-regulation of MHC class II
expression in response to both BCR ligation and IL-4 is an
inherent property of the B cells.

Our data also show that the ability to show inducible
expression of B7.2 is tightly linked to the maturation status of
B cells. In freshly explanted marrow a minority of B cells
showing high-level expression of B220 which are of the u™ §+
phenotype are induced to express B7.2 by LPS and these cells
show some response to BCR ligation. After short-term culture
a higher proportion of cells are B220" and these show similar
reactivity to both LPS and anti-u to mature, adult, splenic B
cells. Immature B cells, characterized by low expression of
B220 were not induced to express B7.2 by any stimulus tested,
nor did they become capable of this response after short-term
culture.

Two pieces of evidence demonstrate that bone marrow B
cells are unable to interact effectively with helper T cells. First,
in a precocious series of experiments, Playfair and Purves
showed that bone marrow B cells were much less effective than
splenic B cells in their ability to collaborate with T cells in the
response to sheep red blood cells.*® Second, in an in vitro

© 2000 Blackwell Science Ltd, Immunology, 100, 141-151

system, Morris er al.'” showed that freshly explanted bone

marrow B cells were unable to present an antigen which
required processing to an antigen specific T-cell line, although
they were able to present a peptide fragment of the antigen.
Recent experiments have provided direct evidence that the
initiation of signalling through the TCR requires multivalent
engagement of peptide-MHC ligands,>* highlighting the
importance of the level of MHC class II expression on the
APC in mediating T-cell activation. This strongly suggests that
the failure of bone marrow B cells to up-regulate class II in
response to BCR ligation demonstrated here could account for
their defective APC function. Interestingly, in the report by
Morris et al. bone marrow cells which had been cultured for
72 hr in the presence of LPS became as potent at presenting
antigen as mature splenic B cells. Our finding that, after short-
term culture, bone marrow B cells become able to up-regulate
MHC class II expression and show inducible expression of the
important co-stimulatory molecule, B7.2, provides a basis for
this acquisition of APC activity.

An alternative explanation of the lack of APC activity of
bone marrow B cells could be that immature B cells are
inefficient in internalizing and processing antigen. Against this,
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we have found that immature B cells from both adult bone
marrow and neonatal spleen internalize labelled anti-IgM
antibody as rapidly as do mature, splenic B cells and that once
taken up the receptor-associated surrogate antigen is also
effectively degraded (S. Marshall-Clarke, unpublished obser-
vations).

It thus seems probable that the reported ineffectiveness of
bone marrow B cells as APC, both in vitro and in vivo, results
from their inability to express a high density of peptide-loaded
MHC, compounded by the fact that they are unable to provide
co-stimulatory signals to T cells via the interaction between
B7.2 and CD28.*° Furthermore, regulation of the ability to
show inducible expression of B7.2 may be critical for
maintaining self tolerance. In a series of recent experi-
ments,>®3” Rathmell and others have shown that the forced
expression of B7.2 in anergic B cells from HEL/anti-HEL
transgenic animals not only protected the cells from Fas-
mediated apoptosis but also, in the presence of specific T cells,
allowed the B cells to proliferate and differentiate to the stage
of antibody production, effectively overriding self tolerance
and producing a state of autoimmunity. Our observation that
immature B cells fail to show B7.2 induction would thus be
expected to render them prone to Fas-mediated deletion by
T cells circulating to the marrow. Experiments to test this
suggestion are currently underway.

During the preparation of this manuscript, Benschop ez af.>®
have reported similar findings to those described here. In their
experiments immature B cells from immunoglobulin transgenic

animals failed to respond to BCR ligation by up-regulation of
MHC class II, B7.2, or CD69. Rather, they were induced to
undergo receptor editing, a response which was not triggered in
mature, splenic B cells. Treatment of immature B cells with
ionomycin also failed to induce MHC class II hyperexpression,
just as we found. Our data complement and extend these
observations by showing that immature B cells from normal
animals display similar characteristics.
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