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Background and Objectives. Interleukin-12 (IL-12)
is a heterodimeric cytokine that induces interferon-
γ (IFN-γ) production by natural killer and T-lympho-
cytes. IL-12 also activates human B-cells through
the IL-12 receptor (IL-12R) complex. Here we review
the expression and function of IL-12 and IL-12R in
human B-cells and in their malignant counterparts.

Evidence and Information Sources. The information
provided derives from results both published and
unpublished obtained in the laboratories of the
Authors, and from a comprehensive review of all the
pertinent articles published so far in Medline.

State of Art. The two components of the IL-12R, i.e.
the β 1 and β 2 chains, were found to be constitu-
tively expressed in human naive, germinal center
and memory tonsil B-cells; however, only naive B-
cells were activated following interaction with IL-2.
Here we show that the IL-12Rβ2  gene is not
expressed in EBV-transformed normal B-lympho-
cytes and in Burkitt’s lymphoma B-cell lines. IL-12
p35 and p40 transcripts were detected in all tonsil
B-cell subsets, but only naive and memory B-cells
produced IL-12. In this study, biosynthesis of IL-12
was investigated in tonsil B-cells, showing that the
molecular weight of the mature heterodimeric IL-12
was similar to that of monocyte-derived IL-12, with
minor differences possibly related to glycosylation.
Finally, malignant B-cells from follicular and mar-
ginal zone lymphomas expressed IL-12 p35 and
p40 transcripts, whereas only p35 mRNA was
detected in mantle cell lymphoma.

Perspectives. Taken together, the studies herein
reviewed indicate that human B-cells, at variance
with their murine counterparts, can produce IL-12
following CD40 ligation. IL-12 p35 and p40 tran-
scripts are found in B-cells from different lympho-

Interleukin-12 (IL-12) is a heterodimeric cyto-
kine, originally identified as an IFN-γ inducing
factor, that is composed of a disulfide-bound 35

kD sub-unit (p35) and a 40 kD sub-unit (p40),1,2

and enhances innate and adaptive immunity.3 IL-12
is primarily produced by professional antigen-pre-
senting cells (APC), i.e. dendritic cells,4 mono-
cytes/macrophages5 and, to a lesser extent, B-lym-
phocytes (see below); furthermore, other cell types
such as neutrophils and keratinocytes can produce
the cytokine.6,7 The IL-12 p35 sub-unit is expressed
ubiquitously, whereas expression of the p40 sub-
unit is restricted to IL-12-producing cells.3

Both p35 and p40, beside being assembled in the
IL-12 heterodimer, participate in the formation of
other molecular complexes, e.g. p40-p40 homod-
imer,8,9 p35-EBI3 heterodimer,10 and p40-p19 het-
erodimer. The EBI3 gene, which is 27% homolo-
gous to the p40 gene, is expressed in EBV-infect-
ed B-cells, human placenta and stimulated mono-
cytes, and its function is unknown (Table 1).11 In
humans, both of the above dimeric complexes are
devoid of biological activity.8-10 However, in mice,
the p40-p40 homodimer functions as a competitive
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proliferative disorders, but the evidence that the
cytokine is produced at the protein level is poor. IL-
12R is expressed in the main human B-cell subsets,
but it is functional only in naive B-cells. Finally, the
failure of transformed B-cell lines to express IL-
12Rβ2 mRNA opens up new perspectives in the
investigation of B-cell malignant transformation.
©2002, Ferrata Storti Foundation

Key words: IL-12, IL-12 receptor, human B
lymphocytes, B-cell lymphoproliferative disorders.



IL-12 antagonist.9,12 p40-p19 heterodimer, i.e. IL-
2313 (Table 1) is produced by activated human and
murine DC, binds to the IL-12Rβ1, but not to the
β2, chain and induces STAT4 activation. It is sup-
posed that IL-23 uses its own unique receptor sub-
unit in addition to IL-12Rβ1 to stimulate IFN-γ pro-
duction and proliferation of PHA-activated T-cell
blasts.13 Finally, biologically inactive free p40 chains
are secreted by IL-12-producing cells.2,5,9

IL-12 exerts immunoregulatory effects on T- and
NK-cells by inducing IFN-γ production from both
cell types, enhancing their proliferation and cyto-
toxicity, and driving T-helper cells to differentiate
into the Th1 phenotype.3 Furthermore, as will be
discussed below, IL-12 can induce murine and
human B-cells to produce IgM and IFN-γ.3

The IL-12 receptor (R) is composed of two sub-
units, named β1 and β2, that in humans are both
required for high affinity IL-12 binding and signal-
ing.14-16 Studies in which the IL-12R β1 and β2
chain genes were expressed in COS-7 cells clearly
demonstrated that IL-12Rβ1 is primarily responsi-
ble for binding, whereas IL-12R β2 is essential for
signaling.16

IL-12Rβ1 is widely expressed in cells of hema-
topoietic origin,17 whereas IL-12R β2 is detected
selectively in cells responsive to IL-12, e.g. Th1 but
not Th2 lymphocytes.18,19 Both in humans and mice,
IL-12 induces phosphorylation of Janus kinase 2,
Tyk2 and STAT-4 in T- and NK-cells,20-24 but an alter-
native signaling pathway, i.e. activation of NFκB
components, has been demonstrated for murine
DC25 and human B-lymphocytes (see below).26

Studies carried out in gene knock-out mice have
contributed significantly to the understanding of
the functions of IL-12 and its receptor.27-30 The phe-
notypes of IL-12 p35 or p40 deficient mice are sim-
ilar to those observed in IL-12Rβ1 or β2 knock-out
animals, i.e. all these animals display i) normal
development and no apparent defects in lymphoid
tissues; ii) impaired IFN-γ production and Th1
responses and, consequently, iii) increased suscep-
tibility to infections with intracellular pathogens,
such as M. tuberculosis, M. avium and L. monocy-
togenes. Comparative analyses of IL-12 p40 vs p35
and of IL-12Rβ1 vs β2 knock-out mice have shown
that both IL-12 p35 and IL-12Rβ2 deficient ani-
mals show a less severe phenotype.27-30 These obser-
vations suggest that IL-23 (i.e. the p19/p40 het-
erodimer, see above) can partially compensate for
IL-12 deficiency by binding to its specific receptor,
made up of IL-12Rβ1 and other component(s) so far
unknown (see above). Finally, it is of note that
human immune deficiency disorders due to muta-

tions in the IL-12 p40 or IL-12Rβ1 genes have been
identified.31 In all cases reported, the mutations pre-
cluded protein expression; each patient suffered
from severe infection with either non-tuberculous
mycobacteria or vaccine-associated BCG, and most
had severe Salmonella infections. However, in most
instances, infections were effectively treated with
antibiotics.

IL-12 gene expression and production in
normal and transformed human
B-lymphocytes

IL-12 was originally isolated as a product of the
human EBV+ RPMI 8866 B-cell line.1 Subsequently,
IL-12 gene expression and production by human B-
cells have been extensively investigated using a pan-
el of normal EBV-infected lymphoblastoid cell lines
(EBV-LCL) and of AIDS-associated Burkitt’s lym-
phoma (BL) cell lines, either EBV+ or EBV−.32 In this
study, all B-cell lines were found to express the IL-
12 p35 mRNA, whereas only EBV+ LCL and BL cells
expressed the p40 transcript. Stimulation of EBV+

LCL and BL cell lines with PMA induced de novo
secretion of IL-12 or increased its secretion, where-
as EBV− BL cells remained unable to produce the
cytokine under the same conditions. These results
suggest that IL-12 production by transformed B-
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Table 1. Molecular complexes formed by IL-12, p35 and p40
with different partners.

Molecular form Receptor binding Biological activity
Mouse Man

IL-121 IL-12R + +

p40 monomer unknown _ _

p40 homodimer2 IL-12R + _

p35-EBI3 unknown _ _

p40-p191 IL-23R + +

1Agonist; 2antagonist.

Table 2. IL-12 and IL-12R gene expression in normal tonsil
B-cell subset and in transformed B-cells.

Naive GC Memory EBV-infected LCLs BL cell lines

IL-12 p35 + + + + +
IL-12 p40 + + + + +
IL12Rβ1 + + + + +

IL12Rβ2 + + + _ _



cells is strictly dependent on EBV infection; it has
been proposed that expression of latent membrane
protein-1 (LMP-1) by EBV-infected B-cells plays a
crucial role in triggering IL-12 production.33

The relationship between EBV infection and  IL-
12 production by human B-cells is emphasized by
a recent study performed with biopsy specimens
from patients with Sjögren’s syndrome.34 It was
found that IL-12 was markedly expressed in the
epithelial cells and in the infiltrating B-cells of sali-
vary gland tissues from such patients, but not in
those from normal individuals. A quite clear topo-
graphic correlation between EBV and IL-12 expres-
sion was observed.

Few studies have addressed IL-12 gene expression
and production by fresh murine or human B-cells.
In mice, it was shown that B-cells isolated from the
lymph nodes of immunized animals did not pro-
duce IL-12.35

We studied the expression of p35, p40 and EBI3
mRNA in freshly isolated human tonsil B-cells and
showed that these cells contain IL-12 p35 and
p40,36 but not EBI3, mRNA (Figure 1), suggesting
that p35-EBI3 complexes cannot be formed in such
cells. Tonsil B-lymphocytes are comprised of three
major sub-populations which are distinguished
according to immunophenotype, anatomic location
and functional features.37-41 These B-cell subsets,
named germinal center (GC), naive and memory
cells, are found in the germinal center, in the fol-
licular mantle and in the subepithelial areas of the
tonsil, respectively.37-41 The CD38 surface marker
allows GC (CD38+) cells to be separated from non-
GC (CD38−) ones, i.e. naive and memory B-lympho-
cytes. The latter cells can be further fractioned
according to the expression of surface IgD into
naive (IgD+) and memory (IgD−) B cells.37-41

We investigated IL-12 p35 and p40, as well as
EBI3, gene expression in naive, GC and memory B-
lymphocytes, freshly purified from human tonsils.
The three B-cell subsets constitutively expressed
IL-12 p35 and p40 mRNA,36 whereas, as expected,
they lacked EBI3 mRNA (Figure 1).

IL-12 production by human B-lymphocytes was
studied by Schultze et al.,42 who demonstrated that
a subset of tonsil B-cells (i.e. CD38−, IgD± cells, that
include naive and memory B-lymphocytes) is
induced to express and secrete low amounts of  IL-
12 following CD40 ligation, but not following anti-
immunoglobulin (Ig) monoclonal antibody (mAb)
stimulation. In contrast, GC B-cells did not release
the cytokine under any experimental condition.

The reason why GC B-cells behave differently
from naive and memory B-cells as to IL-12 pro-

duction, in spite of the constitutive expression of IL-
12 p35 and p40 mRNA in the three B-cell subsets,
is presently unknown and warrants further investi-
gation.

We have recently performed experiments to
investigate IL-12 biosynthesis by spleen or tonsil
human B-cells. To this end, purified B-lymphocytes
were cultured with or without stimuli (IFN-γ and
SAC) and labeled with 35S-methionine; super-
natants were subsequently run on an SDS-PAGE gel
and immunoprecipitated with anti-IL-12 p40 and
p70 mAbs; controls were peripheral blood mono-
cytes stimulated and processed as above.

The results of one representative experiment are
shown in Figure 2. In control monocytes (Figure 2,
lane 1) the following bands were consistently
detected: 36 kD and 39 kD, representing two dis-
crete forms of the IL-12 p40 chain, and 80 kD, cor-
responding to the mature heterodimeric IL-12 mol-
ecule. Both 36 kD and 39 kD IL-12 p40 participate
in the formation of the IL-12 heterodimer.43

Some differences emerged from the analysis of
B-cell supernatants: i) the molecular weight of the
predominant form of the IL-12 p40 chain was 35 kD
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Figure 1. Expression of IL-12p35, p40 and EBI3 mRNA in
freshly isolated tonsil B-cell subsets as assessed by RT-
PCR. Left to right: molecular weight markers (MW); nega-
tive control (NC), represented by water in the place of
cDNA; positive control (PC), represented by peripheral blood
mononuclear cells stimulated with phytohemagglutinin for
6 h; total tonsil B-cells; naive (IgD+), germinal center (GC,
IgD−, CD38+), and memory (IgD−, CD38−) B-cells.



rather 36 kD (Figure 2, lanes 2 and 3), and ii) the 39
kD form of the IL-12 p40 chain was completely
absent from the supernatants of resting B-cells and
barely detectable in those of activated B-cells (Fig-
ure 2, lanes 2 and 3). Differential glycosylation
processes may be involved in the different compo-
sition of the p35/36 band in B-cells vs monocytes.
Notably, the intensity of the p35 band was clearly
higher (from 1.88 to 2.1 fold) in the supernatants of
activated B-cells than in those of resting B-cells
(Figure 2).

Although the molecular weight of the mature het-
erodimeric IL-12 in B-cell supernatants was similar
to that detected in monocyte supernatants, the pos-
sibility that the structure of the B-cell-derived IL-12
heterodimer is somewhat different from that of the
monocyte-derived heterodimer cannot be excluded.

Taken together, the studies reviewed here demon-

strate that human B-lymphocytes, at variance with
murine B-cells, can produce IL-12,35 especially fol-
lowing CD40 ligation.42 On the other hand, B-cell-
derived IL-12 is subjected to micro-environmental
influences that can modulate its production; thus,
for example, IFN-γ enhanced, whereas IL-10
blocked, CD40 ligand-triggered IL-12 production by
naive and memory B-cells.42

In principle, IL-12 and IFN-γ produced by B-cells
in the course of antigen presentation to T-helper
lymphocytes might promote Th1 differentiation.
However, the low amounts of cytokines available
and the IL-12-induced production of its natural
antagonist IL-103 support the general view that B-
cell antigen presentation maintains the Th1 or Th2
phenotype of already differentiated CD4+ cells or
else induces Th2 differentiation by default.42,44

According to the Revised European American
Lymphoma (R.E.A.L.) classification,45 three types of
human B-cell lymphoma originating from normal
naive, germinal center (GC) and memory B-cells
have been identified and designated as mantle cell
(MCL), follicular (FL) and marginal zone (MZL) lym-
phomas, respectively. Malignant B-cells were puri-
fied from the invaded lymph nodes of MCL, FL and
MZL patients and tested by reverse transcription
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Figure 2. SDS-PAGE analysis of extracellular IL-12 het-
erodimer and free p40 chain. [35]S-methionine-labeled cell-
free supernatants from IFN-γ primed monocytes stimulated
with SAC (lane 1) or spleen-derived B-lymphocytes cultured
without stimuli (lane 2) or with IFN-γ and SAC as above
(lane 3) were immunoprecipitated with anti-IL-12 C11.79
mAb. See text for further explanation.

Figure 3. Expression of IL-12 p35, p40 and EBI3 mRNA in
MCL, FL and MZL. From left to right: molecular weight mark-
ers (MW); MCL B-cells, case 1 (MCL 1) and 2 (MCL 2); FL
B-cells, case 1 (FL 1) and 2 (FL 2); MZL B-cells, case 1
(MZL 1) and 2 (MZL2).



polymerase chain reaction (RT-PCR) for the consti-
tutive expression of p35, p4036 and EBI3 mRNA. As
shown in Figure 3, all tumors expressed IL-12 p35
and EBI3 transcripts, whereas IL-12 p40 mRNA was
consistently detected in FL and MZL, but not in MCL
cells; in vitro stimulation of the latter cells with
CD40 mAb and IL-4 failed to induce p40 mRNA
expression.36

Since FL and BL are both believed to originate
from germinal center B-cells,45 the finding that
freshly isolated FL B-cells expressed both IL-12 p35
and IL-12 p40 transcripts is at variance with the
observation that EBV- BL cell lines expressed p35,
but not p40, mRNA.32 However, the two experi-
mental models cannot be easily compared, in par-
ticular because all the BL cell lines tested in the
latter study had been derived from HIV-infected
patients.

Constitutive expression of the EBI3 gene in malig-
nant B-cells from MCL, FL and MZL but not in their
postulated normal counterparts, may reflect differ-
ences in the activation state of the former vs the
latter cells or, alternatively, may represent a mark-
er of transformed B-cells. Studies are now in
progress to clarify this issue.

A previous study addressed IL-12 expression in
human lymphomas using predominantly immuno-
histochemical techniques with mAbs to IL-12 p35,
p40 and p70. In all samples tested, including a few
cases of FL, MCL and MZL, no expression of the IL-
12 heterodimer or of its components was detected
in the neoplastic cells. However, in a large number
of Hodgkin’s disease cases, T-cells clustering around
Reed-Sternberg cells were found to express IL-12.46

Collectively, the available studies on IL-12 pro-
duction by malignant B-cells suggest that the IL-12
p40 gene is constitutively transcribed in some (FL,
MZL), but not in other (MCL), lymphoma entities,
whereas the p35 mRNA is always expressed. Appar-
ently, however, there is no production of the IL-12
protein in malignant B-cells, suggesting that the
IL-12 heterodimer is not synthesized by such cells,
or is produced at levels below the threshold of
detection of conventional assays.

Characterization of the IL-12R on normal
and transformed human B-lymphocytes

Murine studies have demonstrated that IL-12
mediates various biological effects on B-cells, such
as enhanced production of most antibody isotypes
and changes in IgG subclass distribution during
antigen-specific immune responses,47 as well as in
vivo depletion of CD5+ peritoneal B1 cells.48 It has
been proposed that that the initial recruitment of

new B-cell clones into the response to antigen is
mediated by IFN-γ, whereas the subsequent
enhancement of Ig secretion occurs in an IFN-γ
independent fashion.47 According to this model, IL-
12 would stimulate T- and NK-cells to produce IFN-
γ that, in turn, would promote the switch from IgG1
to IgG2a production and the temporary suppression
of IgG1 production.47 Thereafter, IL-12 would stim-
ulate post-switched cells to produce large amounts
of antibodies of different isotypes independently of
IFN-γ.47 Since B1 cells are known to inhibit com-
petitively Ig secretion by conventional B-cells, the
IL-12-induced depletion of B1 cells would represent
an additional way to enhance antibody responses
further.47

Numerous effects of IL-12 on human B-cells from
normal individuals have been documented, namely
i) induction of proliferation of pre-activated B-lym-
phocytes;49,50 ii) induction of differentiation to Ig-
secreting cells, especially in association with IL-
2;49,51 iii) induction of expression of the two IL-18R
chains, i.e. interleukin-1 receptor related protein
(IL-1RrP) and accessory protein like (AcPL);26 iv)
enhancement of CD25 expression;52 v) induction of
IFN-γ mRNA and protein;49,52 vi) up-regulation of
CD38 expression,53 and vii) inhibition of IgE syn-
thesis induced by IL-4.54 With the exception of the
last effect, which is probably indirect and mediat-
ed by T- or NK-cells, all of the other data were
obtained using purified human B-lymphocytes.

Studies carried out in patients with hyper-IgE due
to filariasis or helminthic infections have demon-
strated that IL-12 suppresses IgE synthesis induced
by polyclonal stimuli or parasite antigens through
indirect effects.55,56 Furthermore, in patients with
systemic lupus erythematosus, IL-12 was found to
inhibit the spontaneous in vitro production of IgM,
IgG1, IgG2 and IgG3 through IFN-γ and IL-10-inde-
pendent mechanisms.57

Although all of the above observations clearly
pointed to the presence of functional IL-12R on
murine and human B-cells, a detailed characteri-
zation of this receptor on such cells had not been
carried out until recently. Furthermore, the initial
observation that human IL-12 could bind to SAC-
pre-activated peripheral blood B-lymphocytes58 was
not confirmed by other reports.

To fill this gap, we investigated the expression
and function of IL-12R in human tonsil B-lympho-
cytes and in their major subsets.

RT-PCR analysis of freshly isolated tonsil B-cells
demonstrated that they constitutively expressed
both the IL-12R β1 and the β 2 chains.26 Studies on
β 1 and β 2 mRNA modulation were performed
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Figure 4. Expression of IL-12R β1 and β2 chain mRNA, and
IL-12-induced NFκB activation in human tonsil B-lympho-
cytes. 4A. Expression of IL-12R β1 and β2 transcripts in
freshly isolated B-cell subsets as assessed by RT-PCR. Left
to right: MW, molecular weight; NC, negative control rep-
resented by water in the place of cDNA; total tonsil  lym-
phocytes; naive (IgD+), germinal center (GC, IgD−, CD38+),
and memory (IgD, CD38−) B-cells. 4B. Electrophoretic mobil-
ity shift assay (EMSA) performed on nuclear extracts from
freshly isolated tonsil B-cell subsets stimulated with IL-12
for 30 min. The probe used has the sequence of the NFκB
binding site of the Igλ light chain enhancer. From left to
right: negative control (no extract); RAJI B-cell lines (posi-
tive control); IgD− (GC and memory) B-cells incubated with
medium (none) or IL-12; IgD+ (naive) B-cells incubated with
medium (none) or IL-12.

Figure 5. Expression of IL-12Rβ1 and β2 chain mRNA in transformed B-cell lines. From left to right: molecular weight marker
(MW); an Ag-specific Th1 clone; RPMI 8866 EBV+ lymphoblastoid B-cell line unstimulated (-) and stimulated with PMA (PMA)
for 8 h; CESS EBV+ lymphoblastoid B-cell line unstimulated (-) and stimulated with PMA (PMA) for 8 h; DAUDI EBV+ Burkitt lym-
phoma B-cell line unstimulated (-) and stimulated with PMA (PMA) for 8 h; RAJI EBV+ Burkitt lymphoma B-cell line unstimu-
lated (-) and stimulated with PMA (PMA) for 8 h; LAMD2.1 EBV+ Burkitt’s lymphoma B-cell line unstimulated (-) and stimulat-
ed with PMA (PMA) for 8 h; HBL EBV− Burkitt’s lymphoma B-cell line unstimulated (-) and stimulated with PMA (PMA) for 8 h;
BRGA EBV− Burkitt’s lymphoma B-cell line unstimulated (-) and stimulated with PMA (PMA) for 8 h; BRGM EBV− Burkitt’s lym-
phoma B-cell line unstimulated (-) and stimulated with PMA (PMA) for 8 h; RAMOS EBV- Burkitt’s lymphoma B-cell line unstim-
ulated (-) and stimulated with PMA (PMA) for 8 h; BJAB EBV- Burkitt’s lymphoma B-cell line unstimulated (-) and stimulated
with PMA (PMA) for 8 h.



using stimuli that mimic in vitro T-cell-dependent
(CD40 mAb alone or in combination with IL-4) or
–independent (anti Ig mAbs, SAC, IL-12) B-cell acti-
vation.26 IL-12Rβ1 expression was not  modulated
by any of the stimuli, whereas IL-12Rβ2 mRNA was
up-regulated up to 6 fold only following stimula-
tion with SAC or IL-12 itself, as assessed by RNAse
protection assay (RPA) analysis.26

When tonsil B-cell subsets were tested for IL-
12Rβ1 and β2 mRNA expression, it was found that
naive, GC and memory B-cells all contained both
transcripts (Figure 4, panel A).26

In the same experiments, IL-12 was found to
transduce signals after binding to IL-12R on the B-
cell surface through a pathway different from STAT-
4 (see below), that operates in T- and NK-cells.
Notably, however, B-lymphocytes did phosphorylate
and activate STAT family members, including STAT-
4, upon stimulation with IFN-α. This finding indi-
cates that the STAT pathway is functional in these
cells.26 In human tonsil B-cells, IL-12 activated p50
and c-Rel, two members of the NFκB complex which
form the p50-p50 homodimer and p50-cRel het-
erodimer, both capable of binding to the promoter
regions of different genes.26 However, only naive B-
cells showed NFκB activation following incubation
with IL-12, whereas GC and memory B-cells did
not26 (Figure 4, panel B).

IL-12 induces IFN-γ production in murine and
human B-lymphocytes,26,49,50 especially in combina-
tion with IL-18.26,59 Therefore, IFN-γ production was
tested as a functional marker of B-cell subset acti-
vation by IL-12; in these experiments, we showed
that only naive B-cells produced IFN-γ following
incubation with IL-12, whereas GC and memory
B-cells did not.26 These results are consistent with
those of the signal transduction experiments dis-
cussed above.

As mentioned, there is much evidence in support
of a close relationship between EBV infection and
IL-12 expression and it has been suggested that
proteins encoded by the viral genome, e.g. LMP-1,
are key regulators of IL-12 production in EBV-
infected cells.33 Therefore, the issue of whether or
not EBV infection also affected IL-12Rβ1 and β2
mRNA expression in human B-cells was investigat-
ed using a panel of cell lines of different origins,
either EBV-positive or negative.

B-cell LCLs (RPMI 8866 and CESS), as well as EBV+

(DAUDI, RAJI and LAMD2.1) and EBV− (BRGA,
BRGM, BJAB, HBL and RAMOS) BL cell lines, con-
sistently expressed the IL-12R β1,32 but not the β2
mRNA, and PMA stimulation did not induce the
expression of the latter transcript, as assessed by

RT-PCR (Figure 5). Taken together, these results
indicate that EBV-infected LCLs and BL cell lines
do not express IL-12R β2, irrespectively of whether
they do or do not carry the EBV genome.

Concluding remarks
The data discussed in this review lead to the fol-

lowing conclusions:
1) human B-lymphocytes, at variance with mu-

rine B-cells, produce IL-12 following CD40 ligation;
naive and memory, but not GC, tonsil B-cells syn-
thesize the cytokine.42 The functional relevance of
B-cell-derived IL-12 in antigen presentation
remains to be established;

2) IL-12R expression is detected in naive, GC and
memory B-cells by RT-PCR, but the receptor is func-
tional only in naive B-cells.26 Notably, in this
respect, murine CD5+ B1 cells are a target of the in
vivo activity of IL-12;48 furthermore, they produce
cytokines following in vitro incubation with IL-12;60

3) malignant B-lymphocytes  often express IL-12
p35 and p40 transcripts, but do not produce the
cytokine at detectable levels;36,46 however, EBV-
infected LCL or BL cell lines synthesize and release
IL-12 following PMA stimulation, indicating a link
between IL-12 production and EBV infection;32

4) EBV-transformed LCL and BL cells, either EBV+

or EBV−, do not express IL-12Rβ2 mRNA, even fol-
lowing PMA stimulation.

The latter findings, may be relevant in view of the
use of recombinant IL-12 as an anti-tumor agent in
B-cell lymphoproliferative disorders.61
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