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A B S T R A C T

Common variable immunodeficiency (CVID) is a heterogeneous group of disorders, characterized by hypo-
gammaglobulinemia andnormal or lownumbers of B cells,which predispose patients to recurrent infections.
Peripheral blood mononuclear cells from 19 patients with CVID, and age- and sex-matched controls, were
subjected to an in vitro assay of B-cell–T-cell activation and interaction, using anti-immunoglobulin (Ig)-D
conjugated to dextran (�-�-dex), as a polyclonal T independent type 2 antigen mimic, with and without
anti-CD3/anti-CD28, as polyclonal T-cell stimuli. Stimulation of lymphocytes with either anti-CD3 or anti-
CD3 plus anti-CD28 induced T-cell activation and proliferation in CVID patients whowere similar to age- and
sex-matched controls, but B cells of patients were significantly less activated when peripheral blood mono-
nuclear cells were stimulated with polyclonal T-cell agonists alone. Comparison of CD86 expression in the
patients with matched controls revealed that patients had low B-cell activation in response to T-cell stimuli
(bystander T-cell help). In conclusion, this sample of CVID patients exhibits a defect of T-cell “help” to B cells,
and/or B-cell response to T-cell help.

� 2010 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.
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. Introduction

Common variable immunodeficiency (CVID) is a heterogeneous
isease in the group of predominantly antibody deficiencies, which
s defined by hypogammaglobulinemia andnormal or lownumber of
cells, and characterized by increased susceptibility to recurrent bac-
erial infections, autoimmune disorders, andmalignancies [1–6].

There is heterogeneity in the clinical manifestations and immu-
ologic defects in CVID, which might reflect the heterogeneity of
he underlying mechanisms [7,8]. Despite several years of investi-
ation into the nature of CVID, the basic molecular defect(s) and
athogenesis of disease remains unknown [5,6]. However, several
mmunologic abnormalities leading to alteration of immunoglobu-
in concentrations have been identified. A number of defects in
-cell function, including impairment of upregulation of CD70 and
D86 in naive B cells, impaired somatic hypermutation, and defec-
ive antibody affinity maturation have been reported in CVID
9–11]. Defective antibody responses to polysaccharide and pro-

* Corresponding authors.
m
E-mail address: nima_rezaei@farabi.tums.ac.ir (N. Rezaei) and r.c.read@shef.

c.uk (R.C. Read).

198-8859/10/$32.00 - see front matter � 2010 American Society for Histocompatibility
oi:10.1016/j.humimm.2010.01.019
ein vaccines were also reported in many patients with CVID [12–
4]. Moreover, several malfunctions in the T cells of CVID patients
ave been reported, including primary T-cell abnormalities
9,15,16], accelerated T-cell apoptosis [17], reduced generation of
ntigen-specific memory T cells [18], and abnormal cytokine pro-
uction [19–21], which could be affected by cytokine gene poly-
orphisms [22–24].
Because there is heterogeneity of B-cell and T-cell defects in

VID, we considered that modeling B-cell and T-cell cognate inter-
ctions could help us to determine whether individuals with CVID
ave (a) defective B-cell activation and proliferation in response to
he polyclonal T independent type 2 (TI-2) antigen, (b) defective
-cell activation and proliferation in response to polyclonal T-cell
timuli in the presence or absence of stimulated B cells, (c) defec-
ive B-cell activation and proliferation in response to activated T
ells in the presence or absence of a polyclonal TI-2 antigen.

. Subjects and methods

.1. Subjects

Nineteen patients with CVID (13 male and six female), with age

ore than 14 years, and 18 age- and sex-matched controls (12male

and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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nd six female) were enrolled into the study. Characteristics of the
atients are presented in the Table 1. All patients fulfilled interna-
ional criteria for the diagnosis of CVID, including low serum levels
f at least 2 immunoglobulins (Ig) (IgG, IgA, IgM) by two standard
eviations from the normal mean values for age and genetic exclu-
ion of other diseases associated with well-defined single gene
efects. All patients gave informed consent and the project was
pproved by the UK National Research Ethics Service (04/S0501/
4) and the Immunology, Asthma and Allergy Research Institute
thics Committee (412/88/204).

.2. Study design

An assay of B-cell and T-cell interaction was set up using anti-
gD conjugated to dextran (�-�-dex), as a TI-2 antigen mimic, with
nd without anti-CD3/anti-CD28, as polyclonal T-cell stimuli. The
ffects of combinations of these stimuli on B-cell and T-cell activa-
ion and proliferation were assessed. The assay was broadly de-
igned as reported previously by Foster et al. [25].

The study was designed in three steps:

. Assessment of B-cell proliferation and activation in response to
the polyclonal mimic of TI-2 antigens (�-�-dex).

. Assessment of T-cell responsiveness to polyclonal stimuli de-
signed to mimic signal 1 (through the antigen-specific T-cell
receptor) via anti-CD3, and signal 2 (through the activated
antigen-presenting cell) via anti-CD28, which are required for
maximal T-cell activation and proliferation. It is also possible to
assess T-cell proliferation and activation that occur when acti-
vated B cells stimulate interacting T cells, by providing signal 1

able 1
haracteristics of the patients with CVID investigated in this study

atient
umber

Sex Study
age (y)

Duration from
diagnosis/treatment

Clinical
manifestations

1 Female 54 2 y GI, LRT, OA
2 Male 51 10 y 4 m GI, LRT, URT

3 Male 49 6 y GI, LRT, UT
4 Female 30 14 y 11 m GI, LRT, URT
5 Male 28 9 y GI, LRT, URT

6 Female 26 23 y 3 m GI, LRT, URT, OA, MC
7 Male 24 17 y 3 m GI, LRT, URT, UT

8 Male 24 15 y LRT, URT, CNS

9 Female 20 7 y 6 m GI, LRT, URT, OA, MC
10 Female 20 15 y 6 m GI, LRT, URT, OA

11 Male 19 14 y 1 m GI, LRT, URT, MC

12 Male 18 4 y 8 m LRT, URT, OA, MC
13 Male 18 6 y 4 m LRT, URT, MC

14 Male 18 6 y 10 m GI, LRT, URT, OA
15 Male 16 5 y 8 m GI, URT

16 Male 16 11 y GI, LRT, OA

17 Female 15 7 y 10 m GI, LRT, URT, UT, MC
18 Male 15 6 y 11 m LRT, URT
19 Male 15 11 y 8 m GI, URT

� year; m � month; GI � gastrointestinal tract infection (diarrhea); URT � upper respira

T � urinary tract infection (pyelonephritis); CNS � central nervous system infection (meni
anifestation (abscess, candidiasis).
to the T cells via anti-CD3 and relying upon �-�-dex–stimulated
B cells to provide signal 2 through expression of CD86 or other
costimulatory molecules.

. Assessment of the ability of T cells to provide help to B cells
inducing activation and/or proliferation in the presence or ab-
sence of �-�-dex.

ll parts of the assay were performed simultaneously on patients
nd their age- and sex-matched controls.

.3. Preparation of blood

Approximately 15 ml blood was obtained from the subjects. In
he patients, heparinized blood was taken immediately before the
ext immunoglobulin infusion. The blood was diluted 1:2 with
hosphate-buffered saline (PBS) and the diluted blood was care-
ully layered onto half the volume of lympholyte (Lympholyte-H,
edarlane Laboratories Ltd, Luxembourg, The Netherlands). The
ellswerecentrifugedat400g, at20 �Cfor35minutes; the lymphocyte
ayerwas removed, and diluted againwith chilled PBS. The cells were
entrifuged at 600g, at 4 �C for 15minutes. Then, the supernatantwas
iscarded and the cells were washed three times.
The cells were resuspended in 1 ml of RPMI (RPMI 1640 �

-Glutamine, Gibco, Invitrogen, United Kingdom) at a concentra-
ion of 1 � 107 cells/ml medium (RPMI containing 10% autologous
uman plasma). Some cells were set aside unstained and the re-
ainder were stained with carboxyfluorescein diacetate succin-

midyl ester (CFSE), which enables assessment of proliferation of
he cells by flow cytometry.

mplications Serum Ig level (mg/dl) Lymphocyte subsets (%)

IgG IgM IgA CD19 CD3 CD4 CD8

170 0 0 10.10 80.60 27.50 55.60
nchiectasis,
malignancy

50 10 0 7.02 70.40 23.95 40.14

nchiectasis 20 26 0 11.00 54.00 31.00 22.50
50 10 0 11.19 79.25 40.42 35.23

nchiectasis,
splenomegaly

50 0 0 12.00 85.00 57.00 52.00

nchiectasis 100 10 5 2.10 88.60 66.20 19.00
nchiectasis,
splenomegaly,
autoimmunity

100 0 0 8.50 62.20 24.70 35.40

nchiectasis,
splenomegaly,
autoimmunity

50 10 5 10.00 65.00 35.00 32.00

nchiectasis 100 0 0 8.32 85.25 23.42 49.95
lenomegaly,
autoimmunity,
malignancy

410 20 10 15.11 78.11 38.33 35.08

nchiectasis,
splenomegaly,
autoimmunity

360 42 10 2.16 62.67 6.82 50.35

20 140 6 17.15 71.00 36.07 24.68
nchiectasis,
splenomegaly,
malignancy

100 29 10 31.4 65.00 31.70 34.20

lenomegaly 100 10 5 22.91 67.59 20.85 43.85
lenomegaly,
autoimmunity

270 35 27 10.00 63.00 29.00 23.00

nchiectasis,
splenomegaly

100 20 5 3.85 88.27 31.85 55.48

20 10 5 24.90 66.38 35.23 31.29
470 10 5 7.50 80.90 43.10 34.60
310 48 10 21.90 66.70 37.40 26.40

act infection (sinusitis, otitis media); LRT � lower respiratory tract infection (pneumonia);
Co

No
Bro

Bro
No
Bro

Bro
Bro

Bro

Bro
Sp

Bro

No
Bro

Sp
Sp

Bro

No
No
No

tory tr

ngitis); OA � osteo-articular infection (osteomyelitis, arthritis); MC � mucocutaneous
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.4. CFSE staining

The cellswere incubated at 1�107 cells/ml in 2�MCFSEdiluted
n medium; the cells were incubated at 37 �C with 5% CO2 for 10
inutes in the dark. After quenching the cells with equal volumes
f autologous serum, the cellswere incubated at room temperature
n the dark for 10 more minutes. The cells were washed with
edium three times (centrifuged at 400g, at 20 �C for 8 minutes)
nd were finally resuspended at a concentration of 1 � 107/ml

ig. 1. Expression of activation markers and proliferation assay on the gated cells

D4-positive T cells, which shows an increase after activation by anti-CD3. (B) Expression
ells after stimulation by anti-CD3. (D) B-cell proliferation after stimulation by anti-CD3 �
edium, before 100 �l cells plus 400 �l medium (final concentra-
ion of 2 � 106 cells/ml) were plated out onto the plates.

.5. Cell stimulation

Sterile 24-well, tissue culture plates (Nunc) were used for the
ssay for each subject. Wells were precoated with anti-CD3 at 0.1
g/ml (CD3, Mouse Anti-Human, Purified; Invitrogen) each and
ther wells were precoated with anti-CD3� anti-CD28 at 0.5 �g/ml

l cases, the red histogram is the unstimulated control. (A) Expression of CD25 by
. In al

of CD86 after activation by anti-CD3 � anti-CD28 � �-�-dex. (C) Proliferation of T
anti-CD28 � �-�-dex.
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CD28, Mouse Anti-Human, Purified; Invitrogen). Wells were
ashed 24 hours after precoating.

�-�-dex consists of high-molecular-weight dextran polysaccha-
ide carrier molecules, which are coupled to polyclonal anti-IgD
ntibodies that can induce amultivalent stimulus to B cells [26,27].
he concentration of �-�-dex [26,28] used was 1 �g/ml.
For each patient or control, cells were stimulated with �-�-dex,

nti-CD3, anti-CD3� �-�-dex, anti-CD3� antiCD28, anti-CD3� anti-
D28� �-�-dex, or media alone (Unstimulated). For each patient or
ontrol, cells were left unstimulated or stimulated with either
nti-CD3 or anti-CD3� anti-CD28; all in the presence or absence of
-�-dex.
ig. 2. Proliferation (Divisional index and % divided cells) and CD25 expression (Median flu
ere activated with plate-bound anti-CD3 � anti-CD28 and/or the B-cell stimulator �-�-d
Cells were incubated for 4 days in a humidified atmosphere at
7 �C, 5% CO2 before harvesting.

.6. Cell harvesting

On day 4, the cells were harvested by vigorous pipetting into
icrotiter tubes for flow cytometry.
The cells were centrifuged at 400g, at 4 �C for 5 minutes and the

upernatants were removed and stored at �20 �C, for later cytokine
nalysis.
The cell pellet was resuspended in 1 ml cold fluorescence-

ctivated cell sorting buffer (1% bovine serum albumin in PBS),
orescence index) of CD4� cells in both CVID patients andmatched controls. PBMCs
ex. Line denotes median.
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nd washed three times with fluorescence-activated cell sorting
uffer.

.7. Flow cytometry

The following antibodies were obtained from Invitrogen: CD4,
ouseAnti-Human(PE-Cy5.5), CD19,MouseAnti-Human(PE-Cy5.5),
D86, Mouse Anti-Human (R-PE), CD25, Mouse Anti-Human (R-PE),
ouse IgG1(R-PE)asof isotypecontrol forCD25�R-PEandCD86�R-PE,
ouse IgG1 (PE-Cy5.5) as of isotype control for CD19�PE-Cy5.5, Mouse

gG2a (PE-Cy5.5) as of isotype control for CD4�PE-Cy5.5.
Peripheralmononuclear cellswere labeledwith specific cellmarkers

orThelper(CD4�)andB(CD19�)cellsplusactivationmarkersCD25and
ig. 3. Proliferation (Divisional index and%divided cells) andCD86expression (Medianflu
ere activated with plate-bound anti-CD3 � anti-CD28 and/or the B-cell stimulator �-�-d
D86, respectively (Fig. 1A, B). Then, the activation of T and B lympho-
yteswasassessedmeasuring theupregulationofCD25orCD86 in these
ells, respectively, and expressed asmeanfluorescence intensity.

Proliferation of T and B cellswasmeasured using a CFSE-based assay
n the cells gated for CD4or CD19 expression, respectively [25,29].
FlowcytometrywasperformedusingaPartecflowcytometer (Partec

mbH,Munster,Germany)andFlowJosoftware;version7.2.5 (TreeStar,
shland, OR)was used for analysis of flowcytometry data.

.8. Cytokine assay

Measurement of interleukin (IL)-10 and interferon (IFN)-� con-
entrations was performed on the supernatants of the unstimu-
orescence index) of CD19� cells in bothCVIDpatients andmatched controls. PBMCs
ex. Line denotes median.
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ated and stimulated cells with �-�-dex, in the presence or absence
f anti-CD3/anti-CD28, by enzyme-linked immunosorbent assay
R&D Systems, United Kingdom).

.9. Statistical analysis

Statistical analysis was performed using the statistical package
or the social sciences (SPSS) software, version 16.0 (SPSS, Chicago,
L). T-cell and B-cell activation were expressed as mean fluores-
ence intensity of CD25 and CD86 expression on CD4� and CD19�

ells, respectively. The data were found to have a log-normal dis-
ribution; so data were logarithmically transformed to base 10
Log10), before statistical analysis, to give a Gaussian distribution
as determined by analysis of skewness and a nonsignificant
’Agostino and Pearson omnibus normality test result) and allow
he use of more powerful parametric tests such as analysis of
ariance (ANOVA). Statistical comparison between patients and
ontrols with the differing stimuli was performed by two-way
NOVA with Bonferroni post test. Comparisons between unstimu-
ated and stimulated cells were performed using one-way ANOVA
ith Bonferroni selected pairs post test.

. Results

Example histograms of activation and proliferation are given in
ig. 1. Raw data relating to proliferation and activation of T cells
Fig. 2) and B cells (Fig. 3) under all experimental conditions in
atients and controls are shown as scatter plots.

.1. T-cell activation

Log10 median fluorescence intensity of CD25 significantly in-
reased in both groups of patients and controls in response to
nti-CD3 (0.839 � 0.16 vs. 1.2 � 0.26, p � 0.001 in patients; and
.82� 0.14 vs. 1.17� 0.27, p� 0.001 in controls). CD4� T cellswere
urther efficiently activated by costimulation of anti-CD3 and anti-
D28 (0.839 � 0.16 vs. 1.39� 0.32, p � 0.001 in patients; and 0.82�
.14 vs. 1.31 � 0.29, p � 0.001 in controls).
Comparisons of CD25 expression induced by different stimuli

howed that there was no significant difference in the response of
atient T cells to any of the stimuli, compared with the controls.

.2. T-cell proliferation

Division index (average number of cell divisions that the
esponding cells underwent), % divided (percentage of the cells
f the original sample which divided), were calculated using
lowJo software.
Division index and percentage of divided CD4� T cells were

ignificantly increased in both patients and controls in response to
nti-CD3. T cells were further appropriately proliferated by co-
timulation with anti-CD3 and anti-CD28 (Table 2).
Comparisons of division index and percent divided showed that

herewas no significant difference in the ability of patient T cells to
espond to either stimulus, compared with the controls.

.3. B-cell activation

B cells were activated efficiently in response to �-�-dex in both
roups of patients and controls. Log10 median fluorescence inten-

able 2
og10 division index and percentage of divided CD4� T cells in response to T-cell st

CD4� T cells (Mean � SD) p V

Unstimulated Stimulated with anti-CD3

atients
Division index �1.32 � 0.22 �0.76 � 0.3 �0
% divided 0.6 � 0.22 1.1 � 0.27 �0
ontrols
Division index �1.40 � 0.15 �0.73 � 0.25 �0

% divided 0.55 � 0.12 1.15 � 0.24 �0.001
ity of CD86was significantly increased from0.75� 0.12 (unstimu-
ated) to 1.24 � 0.37 (stimulated with �-�-dex) in the patients (p �
.001) and from 0.88 � 0.18 (unstimulated) to 1.26 � 0.24 (stimu-
ated with �-�-dex) in the controls (p � 0.001). In addition, B cells
ere also activated by T-cell stimuli (anti-CD3 with/without
nti-CD28) and this proved synergistic with �-�-dex in both
roups (Fig. 3).
Although there were no significant differences in the response

f patient B cells to �-�-dex compared with the controls, patient B
ells were significantly less activated than the controls in the pres-
nce T-cell stimuli alone (Fig. 4).

.4. B-cell proliferation

Analysis of division index and percentage of divided B cells
evealed significant increases in B-cell proliferation in both groups
f patients and controls in response to �-�-dex. B cells also prolif-
rated after stimulation with anti-CD3 with/without anti-CD28
Table 3).

Costimulation of �-�-dex with T-cell stimuli leads to significant
ncreases in division index and percentage of divided B cells, com-
ared with T-cell stimuli alone, in both patients and controls. In
iewof thenormal B-cell proliferation in response to�-�-dex alone,
twas concluded that somepatients exhibit an aberrant response to
-�-dex stimulation when B cells were costimulated with T-cell
timuli.

.5. Cytokine production

IFN-� production was significantly increased in both groups of
atients and controls in response to anti-CD3 (19.68 � 7.19 vs.
129.72 � 1097.48 pg/ml, p � 0.001 in patients; and 23.91 � 8.32
s. 2240.33 � 895.34 pg/ml, p � 0.001 in controls). IFN-� produc-
ion was further efficiently increased by costimulation with anti-
D3 and anti-CD28 (Table 4). Comparison of cytokine production
etween different T-cell stimuli indicated that there was a signifi-

ig. 4. Log10 expression of CD86 by CD19-positive B cells. PBMCs were activated
ith plate-bound anti-CD3 � anti-CD28 and/or �-�-dex. CD86 expression induced
y anti-CD3 � anti-CD28 was significantly reduced in patients when compaired to
ontrols. Two-way ANOVA with Bonferroni post test.

in CVID patients and controls

CD4� T cells (Mean � SD) p Value

Unstimulated Stimulated with anti-CD3 � anti-CD28

�1.32 � 0.22 �0.61 � 0.26 �0.001
0.6 � 0.22 1.25 � 0.23 �0.001

�1.40 � 0.15 �0.57 � 0.24 �0.001
imuli

alue

.001

.001

.001

0.55 � 0.12 1.29 � 0.22 �0.001
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ant increase in IFN-� production by the cells that were stimulated
ith anti-CD3 and anti-CD28, compared with the cells that were
timulated with anti-CD3 (p � 0.006 in patients and p � 0.004 in
ontrols). However, �-�-dex had no effect on cytokine production.
omparisons of mean fold changes in IFN-� secretion induced by
ifferent stimuli showed that there was not any significant differ-
nce in cytokine production of the patients, compared with the
ontrols.
IL-10 production significantly increased in both groups of pa-

ients and controls in response to either anti-CD3 alone (p � 0.011)
r costimulation of anti-CD3 and anti-CD28 (p � 0.028 for patients
nd p � 0.008 for controls) (Table 4); However, �-�-dex again had
o effect on this cytokine production.

. Discussion

B-cell activation and differentiation depends on B-cell–T-cell
nteraction. Modeling of B-cell and T-cell cognate interaction was
one to evaluate differences between CVID patients and controls in
-cell and T-cell proliferation and activation in response to poly-
lonal T-cell stimuli and/or a polyclonal B-cell stimulus (a TI-2
ntigen mimic). T-cell responsiveness was designed to mimic sig-
al 1 (through the antigen-specific T-cell receptor) and signal 2
through the activated antigen-presenting cell) [25], which are
oth required for maximal T-cell activation and proliferation [4].
-cell responsiveness in response to the polyclonal mimic of TI-2
ntigens was assessed and the effect of T-cell help on B cells was
ssessed both in the presence and absence of the mimic TI-2 anti-
en. B-cell and T-cell activation in response to these signals was
ssessed by measuring expression of the activation marker CD86
n gated CD19� B cells and the activation marker CD25 on gated
D4� T cells, respectively. Proliferation was assessed using the
FSE dilution assay [25].
Stimulation of lymphocytes with either anti-CD3 or anti-CD3

lus anti-CD28 revealed T-cell activation and proliferation in CVID
atients similar to the controls. T cells perform their B helper
unction through either membrane costimulatory molecules or
roduction of cytokines. However, there are some controversies on
xpression and function of costimulatory molecules on T cells of

able 3
og10 division index and percentage of divided B cells in response to T-cell stimuli a

CD19� B cells (Mean � SD) p Value CD19� B

Stimulated with
anti-CD3*

Stimulated with
anti-CD3 � �-�-dex

Stimulat
anti-CD3

atients
Division index �0.94 � 0.31 �0.55 � 0.30 �0.01 �0.81 �

% divided 0.97 � 0.29 1.35 � 0.25 �0.001 1.12 �

ontrols
Division index �0.84 � 0.23 �0.48 � 0.23 �0.001 �0.63 �

% divided 1.03 � 0.23 1.41 � 0.20 �0.001 1.25 �

All indices of stimulated cells with �-�-dex, anti-CD3 or anti-CD3 � anti-CD28 wer

able 4
ytokine production in response to T-cell stimuli in CVID patients and controls

IFN-� pg/ml (Mean � SD) p Valuea

Unstimulated Stimulated with anti-CD3

atients 19.68 � 7.19 2129.72 � 1097.48 �0.001
ontrols 23.91 � 8.32 2240.33 � 895.34 �0.001

IL-10 pg/ml (Median) p Valueb

Unstimulated Stimulated with anti-CD3

atients 180.1 466.1 0.011
ontrols 190.6 254.1 0.011
Paired-samples t test.
Wilcoxon Signed Rank test.
VID patients [30–32]. Pons et al. evaluated the expression and
pregulation of costimulatorymolecules (CD28, CD40L/CD154, and
TLA-4/CD152) in purified T cells of patients with CVID patients in
esponse to either anti-CD3 or anti-CD3� anti-CD28. They showed
hat stimulated T cells of patients expressed normal levels of these
ostimulatory molecules [30], which agrees with our findings on
-cell activation and proliferation in the patients. However, B cells
f the patients in the current studywere significantly less activated
n wells containing only T-cell stimuli, indicating lower levels of T
ell “help.” A subgroup of CVID patients, with normal numbers of
ature surface(s) IgM/sIgD-positive circulating B cells, was previ-
usly defined [33,34]. Denz et al. showed that these patients have
ecreased expression of CD86 following in vitro activation of PBMC
r purified B cells with anti-IgM plus IL-2; thus, their B cells are
nable to cooperatewith T cells [33]. Further evaluation byGroth et
l. revealed significantly lower expression of the activationmarkers
D25 and CD86 in naive B cells of the CVID patients; thus, an
ntrinsic signaling or expression defect for CD70/CD86 at the level
f naive B cells was inferred in a subgroup of CVID patients [34].
nability of CD4� T cells to provide T-cell help for B cells could lead
o low serum immunoglobulin concentrations of immunoglobulin
sotypes in a groupof patientswithCVID [35]. The inability of B cells
f some patients to express CD86 in response to T-cell help did not
ppear to be an intrinsic defect in CD86 expression, as expression of
D86 in response to �-�-dex was normal.
In addition to direct cell-cell interactions, B helper function of T

ells can occur through cytokines that interact with their receptors
n the target cells [30]. The production of IFN-� and IL-10 was
ignificantly increased in both groups of patients and controls in
esponse to either anti-CD3 or anti-CD3/anti-CD28; however, there
as no significant difference between thepatients and the controls.
imilar findings were described by Pons et al., in which T cells of
atients produced similar amounts of cytokines in comparison
ith controls, when stimulated with optimal doses of anti-CD3 or
uboptimal doses of anti-CD3 plus anti-CD28 [30].

CVID is a heterogenous group of disorders. We have identified
subset of patients who likely have a defect in the ability of their
cells to deliver “help” to B cells, or in the ability of their B cells to

stimulation of �-�-dex in CVID patients and controls

(Mean � SD) p Value CD19� B cells (Mean � SD)
Stimulated with �-�-dexh

ti-CD28a
Stimulated with anti-CD3 �

anti-CD28 � �-�-dex

�0.42 � 0.26 �0.01 �0.86 � 0.44
1.47 � 0.20 �0.001 1.11 � 0.33

�0.39 � 0.2 �0.05 �0.93 � 0.2
1.48 � 0.16 �0.01 0.99 � 0.22

ificantly increased, compared with unstimulated cells (p � 0.001).

IFN-� pg/ml (Mean � SD) p Valuea

Unstimulated Stimulated with anti-CD3 � anti-CD28

19.68 � 7.19 2687.40 � 1196.74 �0.001
23.91 � 8.32 2633.78 � 993.68 �0.001

IL-10 pg/ml (Median) p Valueb

Unstimulated Stimulated with anti-CD3 � anti-CD28

180.1 533.0 0.028
190.6 466.1 0.008
nd co

cells

ed wit
� an

0.28
0.28

0.13
0.17
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eceive T-cell help. Further work will be required to elucidate the
olecular mechanisms behind such a defect or defects.
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