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RAPID COMMUNICATION

Dendritic cell-B-cell interaction: dendritic cells provide B cells with
CD40-independent proliferation signals and CD4(-dependent survival signals

M. WYKES*t & G. MACPHERSON* *Sir William Dunn School of Pathology, University of Oxford, South Parks Road,
Oxford, UK, and TMater Medical Research Institute, South Brisbane, Queensland, Australia

SUMMARY

Denderitic cells (DC) have recently been shown to play an important role in B-cell function. We have
previously shown that DC can capture and retain unprocessed antigen in vitro and in vivo, and can
transfer this antigen to naive B cells to initiate antigen-specific antibody responses. We also
demonstrated that DC were providing B cells with isotype-switch signals independent of T cells but
that T-cell help was essential for antibody production. In this study, using B cells and DC from wild
type (WT) and CD40 knockout (CD40KO) mice we show that DC initiate proliferation of B cells
independently of CD40, because WT or CD40KO DC could induce proliferation of WT or
CD40KO B cells, but proliferation was greater in the absence of CD40. DC also provide B cells with
survival signals as WT DC improved viability of B cells after a 5-day culture but survival was

reduced in the absence of CD40 expression.

Studies by our group have shown that dendritic cells (DC) can
retain and transport intact antigen (Ag), and that both in vivo
and in vitro DC can transfer retained Ag to naive B cells.! This
has also been shown for a novel population of DC-related
cells.” In addition DC can give cell-bound signal(s) to B cells
that are required for subsequent class switching.! This DC-B-
cell interaction occurs in a primary antibody (Ab) response and
is independent of any T-cell intervention, although T-cell help
is essential for Ab synthesis. Similarly, human DC can
influence Ab synthesis and proliferation of tonsillar B
cells.>*”7 As we have shown that murine B cells express
CD40L,? and our (unpublished) and other studies have shown
that DC can express CD40L,” here we investigate the effects of
murine DC on naive murine B cells.

To determine whether CD40 has a role in DC-B-cell
interaction, DC and B cells from wild type (WT) and CD40
knockout (CD40K O) mice'® were cultured over several days in
replicate wells. At several time points, uptake of *H-thymidine
(PH]TdR) was measured as an indication of B-cell prolifera-
tion. Figure 1 illustrates how WT and CD40KO B cells show
low proliferation in the absence of any stimulation, although
the growth of the latter is always marginally higher. However,
in the first 24 hr, WT DC initiate proliferation of WT B cells to
the same levels as lipopolysaccharide (LPS) (Fig. 1a). In the
absence of CD40 expression on DC or B cells, proliferation is
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up to 5-5-fold higher. After 3 days, proliferation of WT B cells
is reduced to 5% of LPS-induced proliferation while the
proliferation of CD40KO B cells is 33-47%.

During these studies we also noticed that the viability of B cells
was higher when cultured with DC. To investigate the role of
CD40 in B-cell survival, purified DC and B cells from WT or
CD40KO mice were cultured together for 5 days and the
proportion of viable cells was assessed by the proportion of
cells that excluded 7AAD (Fig. 2). Approximately 62% of
unstimulated CD40KO and WT B cells are viable after 5 days
in culture. While WTDC improved viability of B cells to greater
than 92%, only 58% of B cells were viable following culture
with CD40KO DC.

Dendritic cells have been shown to have a role in T-cell and B-
cell functions, including proliferation and antibody isotype
switching.!*~7 However, the molecules involved in these
interactions are unknown. CD40 expression on DC and B
cells is well established and it has been assumed that these cells
then interact with CD40 ligand (CD40L) on activated T cells.
However, we have shown that murine B cells express CD40L?
as do murine DC (unpublished), human B cells,'" and human
DC.? This suggested the possibility of CD40L on DC, and B
cells interacting with CD40 on B cells and DC, respectively. An
earlier study found that human DC initiated proliferation of B
cells, and it was proposed that CD40L on DC might provide
B-cell CD40 with the proliferation signal.® Moreover, CD40
has been shown to have a role in B-cell survival'? but it was
assumed to be via T cells.

Here we examined the role of DC and CD40 on B-cell
proliferation and survival using DC and B cells from WT and
CD40KO mice. We found that the culture of purified DC with
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Figure 1. Proliferation of Wild type (WT) and CD40 knockout (CD40KO) B cells cultured with WT and CD40KO DC for (a) 24 hr
and (b) 3 days. Purified, irradiated DC'* and purified B cells® were cultured at a ratio of 10 B cells to 1 DC. The cells were cultured in
96-well, round-bottomed plates for the required period, 1 pCi [PH]TdR added and cells harvested after 18 hr.

purified B cells initiated proliferation of B cells as measured by
[PH]TdR uptake. The levels of proliferation induced by WT DC
were similar to LPS stimulation during the first 24 hr but
dropped to 5% by day 3. Proliferation induced by DC is
independent of CD40 on DC or B cells, as B cells from WT and
CD40K O mice could be induced to proliferate by DC from WT
and CD40KO mice. Surprisingly, day 3 proliferation was
greatest in the absence of CD40 on DC and B cells, or when
WT DC were cultured with CD40KO B cells. This probably
reflects the proliferation of B cells that increases the initial ratio
of 10 B cells to 1 DC. In this case, WT B cells could use
neighbouring B-cell CD40 instead of DC CD40 to inhibit
proliferation. This suggested that CD40 can down-regulate
proliferation as in its absence proliferation increases. This
observation that anti-CD40 signals to B cells inhibit prolifera-
tion is perhaps not surprising as it has been shown that anti-
CD40 signals can arrest terminal B-cells differentiation and
antibody secretion, which could not be overcome by cytokines
or mitogens.'?

We also examined the role of CD40 in DC-mediated survival of
B cells. Survival of WT DC/B cells was compared with
CD40K O DC/B cells after a 5-day culture. We used CD40KO
DC and B cells because CDA40 is present on both cell types and
in the absence on one cell type, CD40 on neighbouring cells
may be used. While approximately 62% of unstimulated WT B
cells are viable after 5 days in culture, viability is increased to

WTDC/WTB cells CD40KODC/CD40KOB cells

o [~]
8 8
o ] 5] s8a%
22 23]
E =¥ g =K Ml I
[ [
&1 &
© e T  BAARN SARE o e | T .1"“'"'1
0 200 400 600 200 1000 0 200 400 600 800 1000
7TAAD 7TAAD
WT B cells CD40KO B cells
=] =]
2] 620% o] e2.0%
e e
897 M1 S Ml
=k 81
o o

0 200 400 600 200 1000
7TAAD

0 200 400 600 200 1000
TAAD

Figure 2. Flow cytometry profiles of WT and CD40KO B cells either
unstimulated or cultured with DC. Purified DC and B cells were
cultured for 5 days and then treated with fluorescein isothiocyanate
(FITC)-B220 and 7AAD to measure viability. The histograms show
7AAD exclusion of B220-expressing cells.
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greater than 92% by culture with DC. However, while 62% of
unstimulated CD40K O B cells are viable, CD40K O DC do not
improve viability. This shows that CD40 signalling is involved
in B-cell survival. As we cultured CD40KODC with CD40KO
B cells, we have not established whether DC provide CD40L or
CD40 signals to B cells. We suggest that because CD40L is
present on these DC, but B cells only express CD40L after
encountering antigen,® survival is provided by CD40L on DC
to B-cell CD40.
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