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This study asks how T helper (TH) subset cytokines impact upon IL-12-directed change in B
cells engaged in signaling via the B cell receptor and CD40, essential components in the initiation of T-dependent B cell responses. For B cells stimulated in this way, IL-12 promoted a
distinct phenotype highlighted by the hyper-expression of CD38: the Th1 cytokine IFNreproduced the IL-12 effects while neutralizing antibody to IFN- reversed IL-12-dependent
change. The divergent pathway of differentiation promoted by the Th2 cytokine IL-4 (characterized by hyper-induction of CD23) was left unchecked by IL-12. IL-10 was found to
dampen IL-12 actions by suppressing IL-12-dependent IFN- production but failed to perturb the effects of exogenous IFN- . Thus, IL-12 – by invoking autocrine IFN- production –
promotes phenotypic deviation in B cells engaging T-dependent signals. The reversal of
such Th1 driving of B cells by IL-10 only when the source of IFN- is endogenous and the
inability of IL-12 to impact upon IL-4-directed differentiation suggest a progressive and hierarchical commitment of B cells to polarization during a developing T-dependent response
dominated at the level of the Th cell rather than that of the dendritic cell.
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1 Introduction
Dendritic cells (DC) are the initiators of T-dependent (TD)
antibody responses. Their importance in priming naive,
antigen-specific Th cells via captured and processed
antigen presented on MHC class II molecules is well
established [1]. The APC is a major arbiter of the subsequent pathway taken by the developing Th cell, influencing its bifurcation toward a Th1- or a Th2-type response
[2]. DC-derived IL-12 appears to be a key determinant in
the initial skewing towards a Th1 pathway [3, 4]. In more
developed responses, IFN- – a product of Th1 and CD8
T cells – promotes further commitment along this same
pathway, characterized by the manifestations of cellmediated immunity [5, 6]. By contrast, a classical
humoral response is generated largely under the guidance of IL-4, a prototype Th2 cytokine [7, 8]. Candidates
for initiating IL-4-dependent Th2 responses are CD1[I 19342]
Abbreviations: SAC: Staphylococcus aureus Cowan I DC:
Dendritic cell(s) GC: Germinal center(s) TD: T dependent
BCR: B cell receptor CD40L: CD40 ligand
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restricted T cells [9]. IL-10 (produced by Th2 cells,
among others) has an important dampening role in APCdependent Th cell activation [10]. While often manifested
at the level of Th1 inactivation (particularly by inhibiting
the production of Th1-promoting cytokines) there are
studies indicating that it can down-regulate Th responses in a Th subset-unrestricted manner [11–13]. It
has been suggested that IL-10 turns off “noxious”
inflammatory responses in favor of a less aggressive
form of immune defense [14].
Recent studies indicate that DC may contribute to the
recruitment of B cells in TD responses and influence their
subsequent maturation. DC generated in vitro from
CD34+ progenitors present in human cord blood have
found to enhance the growth and differentiation of
CD40-activated naive B cells [15]. Recently, IL-12 was
shown to be critical in the development of this DCdependent amplification of a B cell response [16]. Previous reports had highlighted that IL-12 could serve as a
growth and differentiation factor for human B cells prestimulated with Staphylococcus aureus Cowan I (SAC)
and IL-2 or anti- -coupled beads [17, 18]. Studies in rats
have revealed that naive B cells can interact directly with
0014-2980/99/1010-3369$17.50 + .50/0
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DC to form short-lived clusters [19]. This work has been
extended both in vitro and in vivo to indicate that DC
retaining unprocessed antigen can transfer this to naive
B cells to initiate a specific antibody response. The Ig
class switching seen in responses induced in this way
was typical of Th2 responses [20]. While several studies
in mice support the thesis that IL-12 promotes the Ig
class switching characteristic of Th1 responses and suppresses switching to IgG1 and IgE driven by the Th2
pathway, there are also circumstances where the reverse
appears to be true [21, 22].
It has become apparent that B cells participating in TD
responses can themselves manifest polarization along
Th1 or Th2 pathway very soon after antigen challenge
with the direction taken being dependent upon the
nature of the antigen [23]. Thus it was shown that C 2a
transcripts were produced in response to mouse mammary tumor virus or Bordetella pertussis while C 1 transcripts appeared in response to haptenated protein.
These siwtching patterns were associated with mRNA
for IFN- and IL-4, respectively. This differential switching occurred within 24 h of the onset of T cell priming.
In the present study, we have asked about the direct,
early effects of IL-12 on the phenotypic deviation of resting human B cells engaging signals via the B cell receptor (BCR) and CD40, two essential components in the
priming phase of TD B cell responses. The impact of prototype Th1- and Th2-directing cytokines, IFN- and IL-4,
respectively, on this change has been assessed as has
that of the immunomodulatory cytokine IL-10. The
results are consistent with a progressive, hierarchical
commitment of primed B cells to distinct, polarized pathways of differentiation that are dependent upon the Th
subset cytokine environment established shortly after
antigen challenge.

2 Results
2.1 Influence of IL-12 and Th subset cytokines
on human B cells
IL-12 has previously been reported to act as a costimulatory factor for human B cells activated by SAC
and IL-2 or anti-IgM immobilized onto beads [17, 18]. On
stimulating CD38low B cells via an IgG1 mAb (AF6) to
sIgM held on CD32-L cell transfectants, we found that
IL-12 promoted a twofold increase in the low level of
DNA synthesis induced through BCR alone (data not
shown). Culturing resting B cells on CD32-L cells coexpressing CD40 ligand (CD40L) gave much higher levels of DNA synthesis both with and without co-ligation of
sIgM but this was not influenced by the addition of IL-12
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(data not detailed). Thus IL-12 does not appear to be a
growth factor for B cells receiving a CD40 signal.
We next asked whether IL-12 could modify CD40- and
BCR-driven phenotypic differentiation in resting B cells
and what impact IFN- and IL-4 might have on this. CD5,
CD23 and CD38 were highlighted for analysis. Coligation of CD40 and sIgM on resting B cells reduces the
percentage of CD40-induced CD23+ cells but increases
the expression and proportion of CD5+ cells generated.
CD40 engagement also results in CD38 up-regulation
that is further enhanced on sIgM co-ligation [24, 25].
From Table 1 it can be seen that the presence of IL-12
led to a reduction in the number of CD23+ cells induced
when resting B cells were cultured on L cells carrying
CD40L. Almost complete down-regulation of CD23 due
to IL-12 was seen where B cells had been co-stimulated
via CD40 and sIgM. Similarly, IL-12 reversed the ability of
sIgM/CD40 co-ligation to up-regulate CD5 expression
on resting B cells (Table 1). IFN- was seen to promote a
change identical to that of IL-12 in both CD5 and CD23
expression; moreover, the combined effect of IFN- and
IL-12 was indistinguishable from that of either alone
(Table 1). IL-4 has been reported to up-regulate CD23
and down-regulate CD5 expression on human B cells
[26, 27] and this was confirmed here for all conditions of
culture. Even for B cells receiving potent co-stimulation
via CD40 and sIgM, IL-4 further enhanced CD23 expression and completely abolished CD5 induction (Table 1).
IL-12 failed to impact significantly on these IL-4-driven
alterations of CD40-dependent change.
With respect to CD38, none of the cytokines increased
expression on unstimulated cells (data not detailed). For
CD38low B cells triggered via sIgM, IFN- dramatically
enhanced the number of cells expressing high level
CD38 while IL-12 was less efficient in this regard (Fig. 1).
IFN- and IL-12 each increased the level of CD38 promoted in cells stimulated via CD40: the outcome was
essentially identical both with (data not detailed) and
without concomitant sIgM signaling. Again, there was no
additional effect with both cytokines together. IL-4
tended to diminish sIgM- and CD40-invoked increases in
CD38 expression and suppressed the IL-12 enhancement of CD38 up-regulation following CD40 signals
(Fig. 1).
Differential expression of CD80 and CD86 by APC has
been implicated in directing Th polarization [28, 29]
while immunoregulatory cytokines can influence costimulatory molecule expression [30]. We tested the
influence of IL-12 on the expression of CD80 and CD86
and the capacity of IFN- and IL-4 to impact upon such
change. Resting B cells expressed CD80 (14.8 ± 2 %;
n = 6) and CD86 (9.7 ± 4 %;) at low level. Ligating sIgM
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Table 1. Effect of IL-12, IFN- and IL-4 on CD5 and CD23 expression
Resting B cells stimulated viaa):
Control

sIgM

b)

CD40

sIgM/CD40
c)

Cytokines added

% cells positive (MFI) at day 3 for :
CD5

CD23

CD5

CD23

CD5

CD23

CD5

CD23

CM

34
(48)

5
(52)

30
(64)

7
(70)

12
(81)

63
(256)

43
(184)

49
(128)

IL-12

27
(54)

3
(42)

25
(56)

3
(54)

9
(71)

44
(187)

17
(85)

16
(62)

IFN-

18
(51)

1
(31)

17
(57)

1
(54)

8
(71)

28
(129)

16
(91)

9
(70)

IFN- + IL-12

13
(43)

3
(23)

15
(57)

3
(35)

10
(84)

25
(136)

12
(76)

8
(66)

IL-4

15
(58)

59
(242)

10
(57)

54
(919)

4
(97)

79
(1203)

7
(77)

79
(1596)

IL-4 + IL-12

12
(69)

34
(235)

9
(55)

41
(706)

5
(74)

74
(728)

3
(56)

78
(820)

a) Resting B cells were cultured in the presence of non-transfected L cells (Control), anti-IgM antibody (0.5 g/ml) cross-linked
on CD32-transfected L cells (sIgM) and dual CD32/CD40L-transfected L cells without (CD40) and with anti-IgM antibodies
(sIgM + CD40).
b) Cytokines IL-12 (1 ng/ml), IL-4 (100 ng/ml) and IFN- (1000 U/ml) were added at the beginning of the cell culture.
c) Data generated from two-color FACScan® analysis following staining of cells with CD23 mAb conjugated to FITC and CD5
mAb conjugated to PE-CY5 are reported as percentage positive cells with mean fluorescent intensities (MFI) for each marker
shown in parentheses. Results are representative of four independent experiments.

up-regulated CD80 and, particularly, CD86. CD40L delivered a more potent signal for CD80 and CD86 induction
while co-ligating sIgM and CD40 led to further upregulation of CD86 but not of CD80 (data not detailed).
IL-12 modestly enhanced CD86, but not CD80, expression especially on cells stimulated through sIgM alone.

An identical change was evoked with IFN- except that
the increase in CD86 expression was observed earlier
than with IL-12. In contrast to IL-12 and IFN- , IL-4 upregulated both CD80 and CD86 on unstimulated B cells
as well as on those stimulated through sIgM alone
and increased CD80 expression on sIgM/CD40 co-

Figure 1. Effect of cytokines on CD40-dependent CD38 expression. sIgM- or CD40-stimulated B cells were cultured for 3 days
in the presence or absence of IL-12, IFN- , and IL-4 and expression of CD38 was measured by FACScan. Data, expressed as the
% positive cells, are the mean ± SD for four separate experiments.
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stimulation. IL-4-dependent changes
untouched by IL-12 (data not detailed).

were

left

2.2 IL-12-promoted change in B cells requires
endogenous IFN- production
IL-12 has been shown to stimulate IFN- secretion by T
cells, NK cells and B cell lines [21, 31]. Moreover, endogenous IFN- production in response to IL-12 has been
implicated in the enhanced DNA synthesis occurring
when IL-2 is added to human B cells stimulated by antiIgM-coated beads [17]. However, some of the effects of
IL-12 on the immune response, and particularly its antimicrobial activity, are present in IFN- knockout mice
[32] and are therefore independent of IFN- activity. Neutralizing antibody to IFN- was found to block IL-12dependent up-regulation of CD86 initiated by crosslinking sIgM; control antibody had no effect (Fig. 2). This
was seen when neutralizing antibody was added at

100 g/ml but was only partial with 10 g/ml antibody
(data not detailed). Neutralizing antibody to IFN- also
completely reversed IL-12-driven change in CD40stimulated B cells whether measured as a diminution in
CD5 and CD23 expression or the up-regulation of CD38
(Fig. 2). Coupled with the qualitatively indistinguishable
actions of IL-12 and IFN- on the phenotypic changes
noted above, these data indicate that stimulated endogenous production of IFN- is responsible for the IL-12
effects registered in human B cells.

2.3 IL-10 dampens IL-12 function by suppressing
IFN- production in human B cells
IL-10, an important immunoregulatory cytokine, has
been shown both in mouse and human [33, 34] to prevent IFN- -mediated up-regulation of CD86 on monocytes and Langerhans cells. While dampening APCdependent cytokine synthesis by Th0, Th1 and Th2 cells,

Figure 2. Neutralizing anti-IFN- reverses IL-12-promoted phenotypic changes. Neutralizing anti-IFN- (100 g/ml) reversed the
effect of 1 ng/ml IL-12 on: (a) CD86 expression following sIgM signaling; (b) CD38 and CD23 expression after CD40 ligation and;
(c) CD23 and CD5 expression after sIgM and CD40 co-ligation. Histograms represent the staining profiles for sIgM-, and/or
CD40-stimulated B cells (thin line), with profiles obtained when 1 ng/ml IL-12 was added to the cells at the beginning of the cell
culture (shadowed histogram) and when neutralizing anti-IFN- was added together with IL-12 (heavy line). The range (M1) for
CD38 is set at the point that distinguishes lower level of CD38 expression by non-germinal center B cells from high level of
expression by germinal center B cells, and for CD86, CD23 and CD5 with an irrelevant isotype-matched fluorescent conjugate.
Results are representative of two independent experiments. FACScan® data are represented as log10 fluorescence.
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Figure 3. Effect of IL-10 on phenotypic changes in stimulated B cells. Resting B cells were cultured in the presence of nontransfected L cells (Control) and dual CD32/CD40L-transfected L cells without (CD40) and with anti-IgM antibody (sIgM + CD40)
with or without 10 ng/ml IL-10. Two-color FACScan® analysis shows staining of the cells with CD23 mAb conjugated to FITC
(x-axis) and CD5 mAb conjugated to PE-CY5 (y-axis); the horizontal and vertical lines are set with an irrelevant isotype-matched
fluorescent conjugate. The percentage of positive cells is indicated for each quadrant. Results are representative of three independent experiments.

it also exerts direct effects on the growth and differentiation of human B cells [35, 36]. We asked how IL-10 might
directly influence changes in B cells engaging TD signals
and whether it impacts upon the IL-12-driven alterations
observed.
From Fig. 3 it can be seen that IL-10 reduces the level of
CD23 induced on engaging CD40, either alone or
together with sIgM. The amount of CD5 induced on coligating sIgM and CD40 was also diminished by IL-10.
IL-10 had no influence on the expression of CD80 and
CD86 or of CD38 under any conditions of activation
(data not shown). When assessed for its influence on
IL-12-promoted change, IL-10 reversed completely the
up-regulation of CD86 on sIgM stimulation and partially
the enhancement of CD38 expression on CD40stimulated cells (Fig. 4). IL-10 caused an approximate
50 % reversal of the IL-12-driven CD38 enhancement
seen in B cells co-stimulated via sIgM and CD40 (data
not detailed). By contrast, the identical changes induced
by IFN- remained untouched by the presence of IL-10
(Fig. 4). IL-10 was tested over a range of concentrations
with all effects being maximal at 10 ng/ml. As IL-10 itself
reduces CD5 and CD23 expression in B cells engaging
TD signals, there was no further impact upon the same
changes induced by IL-12.
We next asked whether the reversal of IL-12-promoted
change by IL-10 might be due to its ability to suppress

endogenous IFN- production. Importantly, the populations remained 1 % CD3+, CD14+, CD56+ and 98 %
CD19+ throughout culture (data not detailed). In the
absence of IL-12, no IFN- could be detected in the
supernatants of these highly pure B cell cultures even
when potent signaling was being delivered through
sIgM/CD40 co-ligation (Table 2). By contrast, the inclusion of IL-12 resulted in production of IFN- that was
most apparent from cells receiving CD40 signals, especially in conjunction with sIgM-delivered signals.
Although the amount of IFN- promoted by IL-12 could
vary between experiments, the presence of IL-10 always
led to a reduction in the level of IFN- detected (Table 2).
Despite a substantial diminution by IL-10 in the amount
of IL-12-dependent IFN- produced on CD40 ligation,
residual levels could still be significant probably
accounting for the failure of IL-10 to reverse completely
IL-12-promoted CD38 up-regulation under these conditions. To establish fully that the IL-12-promoted IFNproduction was from B cells and not due to a minor nonB cell contaminant, we determined intracellular IFNcontent in CD19+ cells by flow cytometric analysis. Fig. 5
shows that B cells stimulated via sIgM and CD40 developed intracellular IFN- only when co-cultured with
IL-12. As with the ELISA determinations, the inclusion of
IL-10 led to a significant reduction in the amount of IFNdetected. Specificity of the staining was confirmed by its
abolition on pre-incubation with rIFN- (Fig. 5).
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Figure 4. IL-10 reverses the effect of IL-12-, but not of
IFN- - promoted changes. Histogram profiles show expression of CD86 and CD38 following activation of resting B cells
by sIgM- (sIgM) and CD40-ligation (CD40) (thin lines) when
1 ng/ml IL-12 or 1000 U/ml IFN- was added to cells at the
beginning of a 3-day culture either without (shadowed histogram) or together with 10 ng/ml IL-10 (heavy line). The range
(M1) for CD38 is set as in Fig. 2 and for CD86 with an irrelevant isotype-matched fluorescent conjugate. Results are
representative of three independent experiments.

3 Discussion
We have shown that a major DC product, IL-12, alters
the phenotype induced in B cells on engaging BCR and
CD40. The change was indistinguishable from that
evoked by the Th1-promoting cytokine IFN- and characterized by a diminution of CD5 and CD23 expression
and the hyper-induction of CD38. By contrast, the Th2promoting cytokine IL-4 encouraged increased CD23
expression and down-regulated CD5 while leaving CD38
expression unchanged. Importantly, where B cells had
been exposed to both IL-12 and IL-4, the actions of the
latter were dominant. The possibility of DC influencing B
cells has been highlighted by recent studies in both
human and rat [15, 16, 19, 20]. Whilst DC-derived IL-12
is typically associated with the development of Th1
responses, its influence upon Ig isotype production is
ambiguous. Some studies implicate it in the development of Th1-associated isotypes while others demonstrate it favoring the production of antibody subclasses
characteristic of a Th2 pathway [37, 38]. In the rat, the
influence of DC on B cells appears to be in the development of antibody responses associated with the Th2 arm
though a contribution from IL-12 has yet to be established in this system [20]. Our findings reconcile these
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Figure 5. IL-12-dependent IFN- production from human B
cells and its suppression by IL-10 demonstrated by intracellular staining. Resting B cells were cultured for 3 days in the
presence of dual CD32/CD40L-transfected L cells and antiIgM antibody (sIgM + CD40) with either no added cytokines,
10 ng/ml IL-12 alone, or IL-12 + 10 ng/ml IL-10. Monensin
was added during the last 15 h of culture. Cells were harvested and stained for surface CD19 and intracellular IFN- .
Two-color FACScan analysis shows staining of the cells with
CD19 mAb conjugated to FITC (x-axis) and anti-IFN- mAb
conjugated to PE (y-axis); specificity controls were performed by preincubation of the anti-IFN- mAb with saturating concentrations of rIFN- prior to addition to the permeabilized cells. The horizontal and vertical lines are set with an
irrelevant isotype-matched fluorescent conjugate. The percentage of positive cells is indicated for each quadrant.
Results are representative of three independent experiments.

observations by providing a model whereby the influence of DC-derived IL-12 on the direction taken by B
cells being recruited into TD responses can be appropriately countered – or encouraged – by the products of
polarizing Th cell responses once they are established.
Teleologically, it would seem inappropriate for the initial
DC encounter – through, for example, the production of
IL-12 – to fix inexorably the direction of the B cell
response. The outcome should ultimately be under the
guidance of the Th cell, with the route that it is taking
determining the B cell’s fate. Nevertheless, the manifestation of Th cell polarization has been considered a relatively late feature in ongoing immune responses that
would make the hierarchical model proposed here for Th
subset control of early B cell differentiation seemingly
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Table 2. IL-10 suppresses IL-12-dependent IFN- production by human B cells
IFN- (pg/ml) detected in supernatant from B cells stimulated witha)
Control
Experiment no.

sIgM

CD40

sIgM/CD40

CM

IL-12

IL-10 +
IL-12

CM

IL-12

IL-10 +
IL-12

CM

IL-12

IL-10 +
IL-12

CM

IL-12

IL-10 +
IL-12

1

0

31

0

0

62

35

0

275

69

0

417

125

2

0

257

95

0

251

112

0

437

166

0

602

250

3

0

0

0

0

16

0

0

16

0

0

16

0

a) Resting B cells were cultured in the presence of non-transfected L cells (control), with anti-IgM antibody cross-linked on
CD32-transfected L cells (sIgM), and on dual CD32/CD40L-transfected L cells without (CD40) and with anti-IgM antibody
(sIgM/CD40) with either no added cytokines (CM), 10 g/ml IL-12 alone, or IL-12 10 ng/ml + IL-10. IFN- (pg/ml) was
determined after 3 days of culture in supernatants analyzed in duplicate by ELISA as described in Sect. 4.6.

redundant. A recent study, however, has revealed that
Th1 and Th2 characteristics start to develop during initial
T cell priming and impact upon the direction taken by the
responding B cells within 24 h [23]. For several cell
types, IL-12 seems to exert its actions through invoking
autocrine IFN- production [21]. This includes the IL-12dependent enhancement of DNA synthesis in human B
cells stimulated with anti-IgM-coupled beads [18]. By
contrast, Caux and colleagues [16], were able to inhibit
IL-2-dependent IgM production in B cells cultured with
DC and CD40L on adding anti-IL-12 but not with neutralizing antibody to IFN- . In our study, the phenotypic
change driven by IL-12 in B cells receiving TD signals
was both accompanied by IFN- production and abolished in a dose-dependent manner by anti-IFN- . Moreover, IL-10 dampened IL-12-promoted IFN- production
while tempering the development of an IL-12-dependent
phenotype. Importantly, IL-10 failed to impact upon the
same change where evoked by exogenous IFN- . Thus,
under some conditions of stimulation, B cells appear to
secrete Th1-promoting cytokines. Indeed, it should be
noted that IL-12 was first identified as a product of transformed B cells [39]. Although not observed in the mouse
[40], it was recently reported that human B cells produce
bio-active IL-12 on CD40 ligation [41]. The ability in our
study to modulate further the phenotype of CD40activated B cells with exogenous IL-12 implies that any
such endogenous IL-12 must be limiting.
The phenotype of CD23 hyper-expression promoted by
IL-4 is in keeping with previous observations on the
actions of this cytokine on human B cells and indicates
that it may be a robust marker of early B cell skewing
along a Th2-associated pathway [26, 42]. Of interest is
the finding that both Th1- and Th2-polarizing cytokines
down-regulate CD5 on B cells signaled through BCR and
CD40. The significance of this is unclear although it

should be noted that B cells entering germinal center
(GC) responses are typically CD5– [24, 25]; they are also
strongly CD38+ [43]. That both IL-12 and IFN- drive a
phenotype of high CD38 expression with an accompanying loss of CD23 raises the possibility that these may be
early features of B cells being guided along a Th1 pathway. Interestingly, IL-4 and IL-10 each down-regulated
the IL-12-enhanced expression of CD38 following BCR
or CD40 engagement. In addition, IL-10 (but not IL-4)
reversed the CD40-dependent up-regulation of CD5 and
CD23 consistent with its role as a general dampener of
an immune response including those situations where
Th2 cells are influencing B cell development [44].
High level CD38 is also a feature of plasma cells and we
could consider CD38 hyper-expression as marking the
commitment of BCR/CD40-recruited B cells to terminal
differentiation outside of follicles [45]. This could be
driven by DC-derived IL-12 (and encouraged by CD8 T
cell-produced IFN- ?) in B cells engaging Th cells prior
to Th subset polarization. Subsequent divergence of Th
cells to IL-4 production could then establish recruitment
of primed B cells into the longer-lived GC response as
was suggested by recent findings in the mouse [46]. This
would provide a mechanism for the B cell bifurcation into
extrafollicular and follicular pathways observed in TD
responses [47].
While APC expression of CD86 has been linked to the
development of Th2-polarizing responses [28, 29, 48] we
found that both IFN- and IL-4 resulted in its upregulation on either resting B cells or B cells stimulated
via sIgM. They could each enhance the already high
expression of CD86 promoted on co-engaging sIgM and
CD40 and certainly did not lead to its down-regulation
under these conditions. By contrast, only IL-4, and not
IFN- , promoted increases in CD80 and this was seen

3376

A. Gagro and J. Gordon

under all conditions of B cell triggering. The effects of IL12 on co-stimulatory molecule expression followed that
of IFN- but with a delay of 24 h, consistent with the
actions of IL-12 being dependent upon induced IFN- .
IL-10 had no direct effect on either CD80 or CD86
expression but was able to reverse the IL-12-dependent,
but not the IFN- -dependent, induction of CD86, again
consistent with IL-10 dampening early DC-dependent,
but not Th1-driven, change in responding B cells.
In conclusion, by focusing on early changes in differentiation markers and co-stimulatory molecule expression,
we have shown that IL-12 directs a shift in phenotype
indistinguishable from that established with the Th1driving cytokine IFN- in B cells engaging signals via
BCR and CD40. Indeed, the actions of IL-12 in this
regard appear to be wholly dependent upon its ability to
promote endogenous IFN- production. The IL-12 skewing of the B cell phenotype is mutable, being dampened
by IL-10 through the latter’s ability to suppress the
induction of IFN- by the former. Where supplied exogenously, the phenotypic skewing of the B cell by IFNremains unchecked by IL-10. Moreover, when IL-4 is
provided to the B cell engaged in TD signaling, the
potential Th1-like deviation engendered by IL-12 is overridden in favor of a Th2-associated phenotype. The findings point to, and are consistent with, a progressive and
hierarchical commitment of B cells to polarized pathways of development dominated by the early skewing of
Th cells in the priming phase of the response and not at
the level of the DC or its products.

4 Materials and methods
4.1 Reagents
Human IL-4, IFN- , IL-10 and IL-12 were purchase from
R&D Systems Ltd (Oxford, GB) as were neutralizing polyclonal goat anti-human IFN- and control goat IgG antibodies. OKT3 (anti-CD3), 61D3 or UCHM-1 (anti-CD14), and
OKT10 (anti-CD38) mAb were produced from hybridomas in
the Department of Immunology, University of Birmingham
and purified by ion exchange chromatography on DE52
(Whatman Ltd, Maidstone, GB). For FACS analysis we used
FITC-conjugated IgD, CD19, CD23, CD40, CD56, and CD14
and PE-conjugated CD2 (Dako Ltd, High Wycombe, GB),
PE-conjugated CD3, CD80 and CD38, and PerCPconjugated CD20 (Becton Dickinson, Oxford, GB), PE- and
FITC-conjugated CD86 (PharMingen, San Diego, CA) and
PE-Cy5-conjugated CD5 (Immunotech, Marseille, France).
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cells were layered onto Ficoll-Paque (Pharmacia Biotech,
Uppsala, Sweden) and centrifuged at 450 × g for 20 min at
room temperature. Interface cells were washed in RPMI
1640 and T cells were depleted by E-rosetting with aminoethyl isothiouronium bromide-treated SRBC with rosettes
removed by centrifugation on Ficoll-Paque. Resting B cells
were prepared from non-rosetting cells by negative depletion on a magnetic cell separator (VarioMACS, Miltenyi BiotecGmbH, Bergisch Gladbach, Germany) using depletion
columns. Briefly, to remove remaining T cells and monocytes, as well as CD38+ B cells, non-rosetting cells were cultured with 20 g/ml anti-CD3 (OKT3), anti-CD14 (61D3 or
UCHM-1) and anti-CD38 (OKT10) mAb for 15 min at 4 °C.
After washing with PBS containing 5 % BSA and 5 mM
EDTA (MACS buffer), cells were incubated with goat antimouse IgG Microbeads® (Miltenyi Biotec) for an additional
15 min at 4 °C. After washing with MACS buffer, magnetically unlabeled cells were collected as “resting B cells”, their
purity being assessed by immunofluorescence labeling with
CD3, CD19, CD20, CD56 and CD14 as well as with double
labeling with IgD and CD38 mAb. For preparations used in
this study the purity of resting B cells (CD38low) was 98 %.

4.3 Culture of tonsillar B cells
Resting B cells (106 /ml) were cultured in flat-bottom 96-well
microtiter plates to measure DNA synthesis or in 48-well
plates (Becton Dickinson Labware, Oxford, GB) to determine
changes in phenotype, in a total volume of 200 l or 0.5 ml,
respectively, in RPMI 1640 containing 100 IU/ml penicillin,
100 g/ml streptomycin, 2 mM glutamine (Gibco, Grand
Island, NY) and 10 % FCS (Sera Lab Ltd, Crawley Down, GB)
at 37 °C in a humidified incubator in 5 % CO2. Where indicated, mouse L cells transfected with the human CD32 gene
(CD32-L cells), co-transfected with CD32 and CD40L
(CD32/CD40L-L cells), or non-transfected mouse L cells
were used. Adherent L cells cultured in RPMI 1640 with
10 % FCS and antibiotics (complete medium, CM) were
recovered using 0.02 % disodium EDTA in PBS, pH 7.2,
resuspended in CM and -irradiated (7 000 rad) before addition to B cells at the ratio 1 : 10 (L cells: B cells). The influence
of sIgM ligation without or with ligation of CD40 was
assessed by using CD32-L cells and CD32/CD40L-L cells,
respectively, and 0.5 g/ml anti-IgM antibody AF6 (IgG1).
IL-4 (10 and 100 ng/ml), IFN- (100 and 1000 U/ml),
IL-10 (1–100 ng/ml) and IL-12 (1 and 10 ng/ml) were added
at the beginning of the cell culture where indicated. In some
experiments, neutralizing polyclonal goat anti-human IFNantibodies (1–100 g/ml) or control goat anti-human IgG
antibodies were added to cultures where indicated.

4.2 Isolation of resting B cells from human tonsils

4.4 Flow cytometric analysis

Tonsils were obtained from patients undergoing routine tonsillectomy. Cells were extracted by dissection and dispersal
in RPMI 1640 (Gibco Ltd, Paisley, Scotland). Mononuclear

The cells were harvested after different periods of culture by
incubation for 5 min with 0.02 % disodium EDTA to disperse
aggregates, washed with RPMI 1640 and than stained prior
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to analysis on a FACScan® flow cytometer (Becton Dickinson, Mountain, View, CA). Cell suspensions were stained
using standard direct two- or three-color immunofluorescence staining methods as already described [49]. Briefly,
after harvesting, cells were washed in PBS supplemented
with 5 % goat serum (Harlaan Sera-Lab Limited, Loughborough, GB) and 0.1 % sodium azide (Sigma, Poole, Dorset,
GB) and then incubated using at least 2 × 105 cells per sample with previously determined optimal concentrations of
mAb conjugated to different fluorochromes (FITC, PE and
PE-CY5 or FITC, PE and PerCP) for 15 min in the dark at
room temperature. Cells were then washed and subsequently resuspended in 0.5 % formaldehyde (Sigma) in PBS
containing 5 % goat serum and 0.1 % sodium azide and
analyzed within 24 h of staining on a flow cytometer.

4.5 Determination of IFN- production
Released IFN- was measured in duplicate supernatants of
cultured cells using Quantikine® human IFN- immunoassay
(R&D systems, Oxon, GB) following the manufacturer’s
instructions. The detection limit of the kit was 3.0 pg/ml.
Intracellular IFN- was detected by flow cytometry using a
PE-labeled anti-IFN- mAb (4S.B3; PharMingen). B cells
were cultured as described in Sect. 2.3. An inhibitor of protein secretion, monensin (2 M; Sigma), was added during
the last 16 h of culture. Harvested cells were washed with
PBS and processed for surface and intracellular staining as
previously described [50]. Briefly, cells were first stained with
FITC-conjugated anti-CD19 antibody (Becton Dickinson) for
15 min in the dark at room temperature, washed and fixed
for 20 min at 4 °C with 4 % paraformaldehyde in PBS. Cells
were then permeabilized with 0.1 % saponin in PBS for
10 min prior to addition of PE-conjugated anti-IFN- antibody or isotypic control (PharMingen) and then incubated
for a further 30 min at 4 °C. Cells were then washed in PBS
containing 0.1 % saponin to wash out unbound antibody,
resuspended in PBS, and analyzed immediately on a flow
cytometer. In some experiments, the specificity of intracellular IFN- staining was controlled by preincubation of cells
with a molar excess of recombinant IFN- .
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