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SUMMARY

In the present study we evaluatedin vitro immunoglobulin production from IgAD individuals and
healthy controls. Peripheral blood mononuclear cells (PBMC) from IgAD and controls were cultured
with anti-CD40 MoAb presented on a CDw32-transfected fibroblast cell line (CD40 system) in the
presence of IL-10, IL-2, IL-4, transforming growth factor-beta (TGF-b) alone as well as of IL-10 in
combination with each of the other three cytokines. Only IL-10 added alone induced significant changes
in baseline immunoglobulin production; marked increases in median supernatant levels of all three
isotypes were observed in both groups. The most striking finding of this study was the synergizing effect
of IL-4 on IgA production in the IgAD group when added with IL-10; median IgA supernatant level
increased to a value superimposable on that found in the normal controls which remained about the same
as when stimulated with IL-10 alone. The synergic effect of IL-4 and IL-10 was specific to the IgA
isotype.
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INTRODUCTION

Selective IgAD is the most common primary immunodeficiency in
man [1–3]. The underlying immunological defect is unknown. A
variety of pathologic immunoregulatory mechanisms has been
postulated: IgA-specific T suppressor cells, inadequate T helper
cells and intrinsic B cell defects [4–10]. Genetic studies indicate
that susceptibility genes located in the MHC class II or III regions
may predispose to this immunodeficiency [4,5], but the mechanism
by which these genes interfere with IgA B cell differentiation
remains obscure. A defect of normal differentiation of IgM B cells
into IgA-secreting plasma cells is thought to be the cause of IgA
deficiency, but the precise point at which the differentiation arrest
occurs is a matter of controversy [9,11]. There is evidence that B
cell differentiation is regulated by cytokines and that defective
cytokine production may contribute to the pathogenesis of IgA
deficiency [12,13].

Recent reports of the activation and proliferation of B cell
cultures induced by presentation of the MoAb anti-CD40 by a
CDw32-transfected fibroblast cell line (CD40 system) [14–17]
have greatly facilitated study of the effects of various cytokines on

immunoglobulin synthesis by B cells [18–21]. Using this system
Brière et al. [22] demonstrated IgA production by B cell cultures
from IgAD patients, although in concentrations lower than those
from healthy controls. Frimanet al. [23] obtained similar results
and also showed more severely impaired IgA production in IgAD
patients with recurrent infections than in healthy IgAD subjects.

In the present study we evaluatein vitro immunoglobulin
production by anti-CD40-activated peripheral blood mononuclear
cells (PBMC) from IgAD patients and healthy controls in baseline
conditions and after addition of IL-10, IL-2, IL-4 and transforming
growth factor-beta (TGF-b) alone as well as of IL-10 in combina-
tion with each of the other three cytokines, and show that IL-4
synergizes with IL-10 to normalizein vitro IgA production in the
IgAD group.

SUBJECTS AND METHODS

Subjects
Ten healthy individuals (five males and five females) with selective
IgAD ranging from 3 to 49 years of age (mean age 16 years) (Table
1) and 12 age- and sex-matched healthy controls with normal
levels of immunoglobulin were included in the study. All patients
had serum and secretory IgA levels< 0·005 g/l on multiple samples
obtained over a period of years, while IgG and IgM were well
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above the lower limit of age-normal values. None of the patients
had relatives with common variable immunodeficiency (CVID);
however, two were mother (patient 5) and daughter (patient 3), and
the mother of patient 6 had asymptomatic partial IgAD. None of
the patients had a recent history of recurrent infections. Informed
consent was obtained from all subjects or one of their parents
before drawing blood samples. The institutional ethics committee
approved the study.

Quantification of serum immunoglobulins
Serum concentrations of IgM, IgA, IgG and IgG subclasses were
determined by single radial immunodiffusion [24,25]. Serum and
salivary IgA were re-evaluated in the IgAD subjects by electro-
immunodiffusion [26], a method with greater sensitivity (0·005 g/l).

Isolation of PBMC, lymphocyte phenotyping and culture
conditions
PBMC were isolated using the standard Ficoll–Hypaque gradient
method. Expression of surface markers on PBMC was studied by
FACS analysis using fluorescein-conjugated MoAbs against CD3,
CD4, CD8 and CD20 (Becton Dickinson). The PBMC (105/well)
were cultured in the CD40 system alone and after addition of IL-
10, IL-2, IL-4 and TGF-b alone, as well as after addition of IL-10
plus each of the other three cytokines. All cultures were set up in
Iscove’s medium, supplemented with 50mg/ml human transferrin,
5mg/ml bovine insulin, 0·5% bovine serum albumin (BSA),
5×10¹5

M 2b-mercaptoethanol (2-bME) (all from Sigma Chemi-
cal Co.) and 5% heat-inactivated fetal bovine serum (FBS; GIBCO).
The CD40 system was composed of 2×103/well irradiated (70 Gy)
CDw32 L cells and 0·5mg/ml of anti-CD40 mAb89 (kindly pro-
vided by Professor J. Banchereau). Purified rhIL-2, rhIL-4, rhIL-10
and hTGF-b1 (Genzyme Diagnostics) were used, respectively, in
concentrations of 20 U/ml, 50 U/ml, 200 ng/ml and 0·3 ng/ml. All
conditions were run in triplicate to a final volume of 200ml/well.
The supernatants were harvested after 10 days of incubation at
378C in humidified 5% CO2.

Quantification of supernatant levels of IgG, IgA, IgM
IgA, IgG and IgM concentrations in the supernatants were
determined by an ELISA technique as previously described
[27]. Briefly, microtitre plates were coated with rabbit anti-hIgA
or anti-hIgG or anti-hIgM (Dako Immunoglobulins), by incubat-
ing for 3 h at 378C and overnight at 48C. The supernatants diluted

1:5 or 1:20 were incubated for 2 h at 378C and then rabbit anti-
hIgA or anti-hIgG or anti-hIgM conjugated to horseradish perox-
idase (HRP) added. The concentration of each isotype was
extrapolated from the standard curve included in each plate and
expressed in ng/ml.

Statistical analysis
Comparisons of the IgA, IgG and IgM supernatant levels in
baseline conditions and after incubation with each cytokine and
combination of cytokines were performed within each group using
the Wilcoxon non-parametric test; comparisons between non-
paired groups were performed by means of the Mann–Whitney
U-test. Parametric tests were unsuitable because parameters did not
follow a normal distribution pattern;P<0·05 was defined as
statistically significant and all tests were two-sided. All calcula-
tions were performed using the package STATISTICA for
Windows Release 5.0 (StatSoft Inc.).

RESULTS

Serum immunoglobulin levels and lymphocyte subsets
All patients fulfilled the generally accepted diagnostic criteria for
selective IgAD. Serum and salivary IgA were below 0·005 g/l and
serum IgG and IgM were normal for age (Table 1). Cell-mediated
immunity, as evaluated by lymphocyte subsets and lymphoproli-
ferative responses to mitogens (phytohaemagglutinin, concanavalin
A) and antigens (tetanus toxoid,Candida albicans), was also intact
(data not shown). In addition, serum IgG subclass levels were
normal for age (data not shown).

IgA production
IgA production in the two groups at baseline and after stimulation
with IL-10 alone and in combination with the other three cytokines
is illustrated in Fig. 1. Activation of the PBMC by the CD40 system
induced spontaneous IgA synthesis in the controls but not in the
IgAD patients (P<0·001). The addition of IL-10, but not of IL-2,
IL-4 or TGF-b alone, resulted in significantly greater IgA produc-
tion than in baseline in both groups (P¼ 0·004 in IgAD;P¼ 0·002
in controls) as well as in significantly greater (P¼ 0·04) IgA
production in the controls than in the IgAD patients (Fig. 1).

After stimulation with IL-10 plus each of the other cytokines,
IgA production was again significantly enhanced compared with
baseline, but to different extents within each group. When IL-10
was added in combination with IL-4, in the IgAD patients median
IgA supernatant concentration was significantly greater than that
observed with IL-10 alone (P¼ 0·005) and increased to a level
similar to that of the controls (Fig. 1); in contrast, IgA production
in the control cultures remained about the same as that observed
after addition of IL-10 alone. Within both groups the combination
of IL-10 plus IL-2 resulted in less IgA production than with IL-10
alone, but significantly less only in the IgAD group (P¼ 0·006).
With this combination the difference between groups reached
significance, with lower IgA production in the IgAD group
(P¼ 0·02; Fig 1). The addition of TGF-b to IL-10 resulted in
significant changes in IgA supernatant levels compared with IL-10
alone in the controls only (P¼ 0·03).

IgG production
IgG production by the cultures of both patients and controls in
baseline conditions was similar and remained so in both groups
after stimulation with IL-2, IL-4 or TGF-b alone (Fig. 2). However,
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Table 1. Serum immunoglobulin levels in IgAD patients

Patient no. Sex Age (years) IgG (g/l) IgM (g/l)

1 M 16 16·01 1·06
2 M 9 15·57 1·00
3 F 23 23·27 2·96
4 M 16 16·80 1·46
5 F 49 19·26 4·56
6 M 15 15·98 1·81
7 F 3 12·20 2·71
8 M 27 15·18 1·81
9 F 16 16·68 1·81

10 F 26 19·20 2·10

Serum and salivary IgA were below 0·005 g/l in all patients.



significantly more IgG, compared with baseline, was produced
within both groups after addition of IL-10 alone (P¼ 0·004 in
IgAD; P¼ 0·007 in controls) and in combination with IL-2
(P¼ 0·006 in IgAD;P¼ 0·008 in controls), with IL-4 (P¼ 0·006
in IgAD; P¼ 0·002 in controls) and with TGF-b (P¼ 0·006 in
IgAD; P¼ 0·003 in controls). When IL-2, IL-4 or TGF-b were
added together with IL-10, IgG supernatant levels were similar to
those observed with IL-10 alone in both patients and controls.
Significantly greater IgG production was observed in patients than
controls after addition of IL-10 alone (P¼ 0·04) or in combination

with IL-2 (P¼ 0·02) or with TGF-b (P¼ 0·03), but stimulation
with IL-10 plus IL-4 did not result in statistically different IgG
levels between groups.

IgM production
In both groups IgM supernatant levels were low at baseline and
increased significantly and to about the same extent with IL-10
alone (P¼ 0·005 in IgAD;P¼ 0·002 in controls) and in combina-
tion with the other three cytokines (Fig. 3), but only slightly with
IL-2 alone (P¼ 0·005 in IgAD;P¼ 0·004 in controls). When IL-2,
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Fig. 1. In vitro IgA production by peripheral blood mononuclear cells (PBMC) from IgAD patients (hatched bars) and controls (open bars) at
baseline and after stimulation with interleukins. Box plots indicate range (whiskers), 25% and 75% interval (box) and median value (small
square). For statistical analyses see text.
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Fig. 2. In vitro IgG production by peripheral blood mononuclear cells (PBMC) from IgAD patients (hatched bars) and controls (open bars) at
baseline and after stimulation with interleukins. Box plots indicate range (whiskers), 25% and 75% interval (box) and median value (small
square). For statistical analyses see text.



IL-4 or TGF-b were added together with IL-10, IgM production
was similar to that observed with IL-10 alone within each group
and did not differ between the two groups.

DISCUSSION

To our knowledge the only two studies which up to now have
assessed the effects of cytokines on B cell differentiation in IgAD
patients both showed that addition of IL-10 to PBMC cultures
triggered by the CD40 system was essential to induce B cells from
IgAD patients to differentiate into IgA-secreting plasma cells. In
the first [22], IgA production, which was absent in the IgAD
patients but present in the controls at baseline, was induced in the
former by addition of IL-10 to the CD40-activated cultures,
although in lesser concentrations than in the controls. The
second study [23] likewise showed increased IgA production
after addition of IL-10 to CD40-activated PBMC from controls
and two groups of IgAD patients (one healthy and the other
infection-prone), as well as different effects on IgA production
in the two IgAD groups. IgA production was significantly greater
in the healthy than the infection-prone IgAD group, but lower in
the former than in controls. Moreover, when immunoglobulin
production was studied after addition of IL-10 to purified B
cells, the B lymphocytes from the healthy IgAD patients produced
significantly less IgA than those from the normal controls, suggest-
ing a defective overall responsein vitro to IL-10. However, in
neither of the above studies did IgA production in the IgAD group
reach levels similar to those observed in the PBMC from the
normal controls.

In the present study we evaluated the effects of IL-10, IL-2,
IL-4, and TGF-b alone and of each of the latter three combined
with IL-10 on immunoglobulin production by CD40-activated
PBMC from IgAD patients and normal controls. As previously
reported [22,23], spontaneous IgA synthesis was observed at

baseline only in the controls, while that of IgG and IgM was
similar in the two groups. Of the four cytokines assessed, other
than IL-2 which increased IgM production in both groups (Fig. 3),
only IL-10 added alone induced significant changes in baseline
immunoglobulin production; marked increases in median super-
natant levels of all three isotypes were observed in both groups
(Figs 1–3). These data confirm the findings described in a
T-independent system [21], demonstrating a powerful effect of
IL-10, but not of IL-2 or IL-4, on IgG, IgA and IgM synthesis by
CD40-activated B cells. Furthermore, IL-10 stimulation not only
increased IgA synthesis by the controls, but also induced IgA
secretion by the IgAD group, although the median IgA supernatant
level remained significantly lower than that of the controls (Fig. 1).
In contrast, significantly greater synthesis of IgG after IL-10 stimu-
lation was observed in the IgAD patients than in the controls; a
finding which could be due to IL-10-induced differentiation of
greater numbers of IgG-committed B cells present because of the
relative paucity of IgA-positive B cells in such subjects.

TGF-b alone did not alter baseline immunoglobulin produc-
tion, but in combination with IL-10 less IgA was synthesized by the
control cultures, and more, but not significantly more, by the IgAD
PBMC than with IL-10 alone. Taken together these data are
difficult to explain, as TGF-b has been reported to favour the
switch from IgM to IgA production [28,29]. Furthermore, these
changes in opposite directions of IgA supernatant levels in the two
groups annulled the between-group difference in IgA synthesis
observed with IL-10 alone. In the IgAD cultures the combination
IL-2 plus IL-10 decreased IgA production (P¼ 0·006) compared
with IL-10 alone.

The most striking finding of this study was the synergizing
effect of IL-4 on IgA production in the IgAD group when added
with IL-10; the median IgA supernatant level increased to a value
superimposable on that found in normal controls (P¼ 0·8), which
remained about the same as when stimulated with IL-10 alone. The
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Fig. 3. In vitro IgM production by peripheral blood mononuclear cells (PBMC) from IgAD patients (hatched bars) and controls (open bars) at
baseline and after stimulation with interleukins. Box plots indicate range (whiskers), 25% and 75% interval (box) and median value (small
square). For statistical analyses see text.



synergic effect of IL-4 and IL-10 was specific for the IgA isotype.
Indeed, on between-group comparison IgG production was greater
with IL-10 alone and with the combination of IL-10 and both IL-2
and TGF-b in the IgAD group, but not with IL-4 plus IL-10, and no
differences between groups were evident in IgM production. These
results strongly suggest that the residual impairment of the capacity
to differentiate into IgA-secreting cells in response to IL-10 alone
can be restored by addition of IL-4 in IgAD. Indeed, in CVID, a
disease considered to belong to the same spectrum of B cell defects
as IgAD, but at the opposite extreme [30], defective immunoglo-
bulin production in primary B cell cultures was observed after
stimulation with IL-10 alone and the response to IL-10 was
partially restored by addition of both IL-4 and IL-10 to the cultures;
these data led the authors to postulate that IL-4 permitted over-
coming the previous anergy to IL-10 of the CVID B cells [31]. A
similar mechanism could perhaps explain the normalization of IgA
production by IL-4 plus IL-10 observed in the cultures of our IgAD
group.
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