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Introduction

Summary

Common variable immunodeficiency disease (CVID) is a heterogeneous syn-
drome characterized by low immunoglobulin serum levels and recurrent bac-
terial infections. Several studies suggest that CVID patients have a polarized
immune response towards a T helper type 1 phenotype (TH1). However, the
factors causing the TH1 polarization remain to be determined in this disease.
In the present study, serum interleukin (IL)-12, interferon (IFN)-Ylevels and
the IL-12p40 and IFN-y gene were studied in CVID patients. Furthermore, we
evaluate dendritic cells (DCs) compartment, myeloid dendritic cells (mDCs)
and plasmocytoid dendritic cells (pDCs), which help to differentiate naive T
cells preferentially into TH1 and TH2, respectively. The serum IL-12p40 sub-
unit levels were increased significantly in CVID patients compared to healthy
controls. We examined whether these elevated serum IL-12p40 levels are asso-
ciated with IFN-yor IL-12p40 gene polymorphisms, or with new mutations in
the IL-12p40 promoter gene. In our hands, no new mutations were found and
gene polymorphisms frequencies in CVID patients were similar to the control
population. In conclusion, the elevated serum levels of IL-12p40 found in our
CVID patients were not related to these genetic variations. The DC compart-
ment analysis did not show an imbalance between pDCs and mDCs, but
revealed the presence of low numbers and percentage of both DC populations
in CVID.
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secretion [5] and increased apoptosis of the CD45RA" T cell
subpopulation [6].

Common variable immunodeficiency disease (CVID) is a
primary immunodeficiency disease characterized by hypo-
gammaglobulinaemia and recurrent bacterial infections.
Inflammatory, autoimmune and/or granulomatous diseases
are present in some patients. A defect in B cell differentiation
and maturation was postulated originally as the main cause
of this disorder. Some studies showed a failure of B cells from
CVID patients to differentiate into plasma cells and to pro-
duce high-affinity antibodies of different isotypes [1]. How-
ever, other studies showed restoration of immunoglobulin
secretion after the correct stimulation of B cells from CVID
patients [2]. T cell abnormalities are also common in CVID
patients and include decreased lymphocyte proliferation to
different mitogens and antigens, reduced number of anti-
gen-primed T cells [3,4], alterations in interleukin (IL)

A perfect balance between T helper type 1 phenotype
(TH1) and TH2 responses is essential for the achievement of
an optimal immune response against most pathogens.
Increased secretion of IL-12 [7,8], inducing a TH1 cytokine
response, has been described in CVID patients. Conversely,
the TH2 response necessary for normal antibody secretion is
diminished. The IL-12 cytokine is critical in the initiation of
innate and adaptive immune responses to many infections. It
promotes cell-mediated responses, inducing natural killer
(NK) and T cells to secrete interferon (IFN)-y and favouring
the differentiation of precursor THO cells into TH1 effector
cells [9].

The implication of professional antigen-presenting cells
(APC:s) in the alterations found in CVID patients and in the
disease pathogenesis remains unclear [10,11]. Denditric cells
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(DCs) are critical APCs, capable of stimulating naive T cells
and initiating primary immune responses [12,13]. Two dis-
tinct lineages of dendritic cells have been defined [14]: mye-
loid dendritic cells (mDCs) that produce large amounts of
IL-12 and induce strong TH1 and cytotoxic T lymphocyte
responses [15,16], and plasmocytoid dendritic cells (pDCs)
that induce TH2 responses.

Cytokine production may be up-regulated and/or down-
regulated, like most of the immune system responses,
although it differs significantly among individuals. Cytokine
gene polymorphisms may determine the individual differ-
ences. In general, cytokine genes are highly conserved in
terms of exon sequences but silent mutations may alter
cytokine production [17,18]. Given the importance of the
IL-12p40 subunit in the immune system, genetic variants of
this cytokine may be important in causing immunoregula-
tory abnormalities.

The objective of the present study was to analyse serum
concentrations of cytokines that prime the TH1 response
and to evaluate the possible association of allelic regions of
the IL-12p40 and IFN-y genes, having gene-regulatory
potential, with the IL-12p40 elevated serum levels found in
CVID patients. The contribution of the different peripheral
blood DCs populations to the TH1 shift present in CVID
patients was also studied.

Materials and methods

Subjects

All patients were diagnosed according to the diagnostic cri-
teria of the International Union for Immunological Societies
Scientific Group (IUIS) for primary immunodeficiency dis-
eases and were receiving monthly regular substitution ther-
apy with intravenous gammaglobulin (IVIG). In the study
we included two X-linked agammaglobulinaemia and three
IgG2-deficient patients receiving monthly regular IVIG ther-
apy as a treatment control group. All patients included in the
study were free of infections for at least 3 months before
sample collection. After informed consent, samples were col-
lected immediately before IVIG infusion. The study was
approved by the Hospital Son Dureta institutional human
research committee. Patients were classified according to the
quantification of switched memory B cells [19] into three
groups: MB2- patients with normal number of naive/mem-
ory B cells (IgD” CD27%), MBI~ patients with a reduced
number of switched memory B cells (IgD~ CD27) but nor-
mal non-switched memory B cells (IgD* CD27*) and MBO™
patients with a defect in both switched and non-switched
memory B cells. The most frequent phenotype was MBO
(53%). The second group was MB1 (33%), and MB2 was
14%. All patients included in the study were free of
granulomas.

Serum IL-12 cytokine concentrations were measured in 27
CVID patients and 45 healthy controls. The cytokine gene

study included 35 CVID patients and 56 controls. The
peripheral blood phenotypic study included 19 CVID
patients and 19 healthy non-atopic sex- and age-matched
controls.

IL-12 and IFN-Yy protein analysis

Serum samples were drawn from each subject and stored at
—70°C until use. The concentration of serum IFN-vy, IL-12
p70 was measured by a commercially available enzyme-
linked immunosorbent assay (ELISA) kit from Beckman
Coulter Company (Marseille, France) and total IL-12 (p40
and p70) from Pierce Endogen (Rockford, IL, USA).

IL-12 p40 and IFN-y genotyping

All samples were genotyped with DNA extracted from
peripheral blood. The final concentration of reaction com-
ponents were: 200 UM of each ANTP, 2 mM MgCl,, 67 mM
Tris base pH 88, 16:6 mM ammonium sulphate, 0-01% (v/v)
Tween 20, 200 ng DNA and 0-2 units of Taq polymerase
(Ecogen, Barcelona, Spain). DNA was amplified using the
polymerase chain reaction (PCR) GeneAmp system 9700
(Applied Biosystems, Foster City, CA, USA).

IL-12 p40 gene polymorphism exon 8, 3’'UTR A/C (+1188)

We performed the studies following the method described by
Huang et al. [20].

IL-12p40 promoter polymorphism CTCTAA/GC

We amplified DNA samples with the previous reported
primers 5" TCAGACACATTAACCTTGCA-3" and 5-ACCT
GCCAATGACCACATTA-3", and PCR was performed as
described previously [21]. DNA sequencing was conducted
with the Big Dye Terminator Cycle sequencing kit version 3-1
(Applied Biosystems). The products were evaluated on an
ABI 3100 DNA sequencer (Applied Biosystems).

IEN-y polymorphism

Analysis of microsatellite polymorphisms in the first intron
of IFN-y gene was conducted as described previously [22].
Eight pl of the PCR reaction were submitted to electrophore-
sis on a 6% polyacrylamide sequencing gel. The forward
primer was Cy5-labelled, and the results were analysed using
the ALFXpress sequencer and Fragment Analyser software
(Amersham Pharmacia Biotech, Piscataway, NJ, USA).

Mutation analysis of IL-12 p40 gene promoter (HSU89323)

This was performed by PCR amplification of genomic DNA
by the use of AmpliTaq Gold polymerase. The forward and
reverse primers (numbered: 1, 2, 3, 4) were selected from the
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PAC sequence (HSU89323) and used to amplify specific seg-
ments of IL-12p40 promoter. The forward primer number 4
has a single base change (T—C) in the last nucleotide
sequence because we observed that the HSU89323 had a mis-
take or was a rare polymorphism: (number 1: forward
5’ AAGCTTCTTTTGCATAACTGGC-3" and reverse 5CTG
GCCGTGGGTGGAGAC-3’, product size 548 base pairs
(bp); number 2: forward 5'-AGGCCTAGAGGACACAGGG-
3’ and reverse 5’ AGGTATGCAAAGGTGTACACC3’, product
size 568; number 3: forward 5-ACATGTTCCTGTTCACG
TGCA3’ and reverse 5'-CCTGGTTCTTCCCAAGTCAG-3’,
product size 549 bp; number 4: forward 5’GATGTACTAAA
CCCTTTGCCC-3" and reverse 5’ TTGGGAAGTGCTTAC
CTTGCT 3, product size 473 bp. PCR cycling conditions
were 7 min at 95°C, 30 cycles of 30s at 95°C, 30 s at 64°C
and 60 s at 72°C, and 5 min at 72°C. DNA sequencing was
conducted with the Big Dye Terminator Cycle sequencing kit
version 3-1 (Applied Biosystems). The products were evalu-
ated on an ABI 3100 DNA sequencer (Applied Biosystems).
The IL-12p40 sequence was compared with the previously
described sequences of the promoter (HSU89323) [23].

Flow cytometry analysis

Whole peripheral blood cells were stained following the
manufacturer’s instructions and analysed on FACScalibur
cytometer (BD Pharmingen, San Jose, CA, USA) using
CELLQuest software. To detect the mDC (CD11¢") and pDC
(CD123") subsets of peripheral blood dendritic cells, we
stained them with a lineage cocktail (Lin 1: fluorescein
isothiocyanate (FITC) containing antibodies against CD3,
CD14, CD16, CD19, CD20 and CD56), PerCP-conjugated
anti-human leucocyte antigen (HLA)-DR and phycoeryth-
rin (PE)-conjugated anti-CD1lc or PE-conjugated anti-
CD123. Murine immunoglobulins of appropriate isotypes
were used as controls. mDCs and pDCs were defined as lin
HLA™ DR" CD11c* and lin- HLA” DR* CD123" cells, respec-
tively. The percentage and absolute number of mDCs and
pDCs were calculated from the amount of white blood cells.
The ratio of mDCs to pDCs was defined as the quotient
between the proportion of mDCs and that of pDCs.

Statistical methods

Data were analysed using the prisM statistical package. The
Mann-Whitney U-test was used for statistical analysis of
DCs populations and serum cytokine levels. Significance
level assumed in these comparisons was P < 0-05. All values
are expressed as the mean * s.e.m.

Allelic and genotype frequencies were estimated by direct
counting. Case—control association analyses were performed
using the Fisher’s exact test. When necessary, a Bonferroni
correction was applied to obtain the corrected P-value
according to the number of comparisons performed, and
P <0-05 was considered statistically significant.

Increased serum IL-12 p40 levels in CVID

Results

Serum cytokine levels

Serum IL-12 (p40 and p70) was significantly increased in
CVID compared to controls (257-9 & 42-0 versus 27-50 £ 4-1,
P <0:001, respectively) (Fig. 1). In this series, three CVID
patients who did not receive IVIG treatment also had ele-
vated serum IL-12, whereas in two X-linked agammaglobu-
linaemic patients receiving IVIG, serum IL-12 concentration
was normal (data not shown). Serum IL-12p70 and IFN-y
were barely detectable in patients and controls.

IL-12p40 and IFN-Y genotyping

No associations were found between the different IL-12 and
IFN-y polymorphism and the enhanced IL-12p40 produc-
tion (Table 1). No new mutations in the IL-12 p40 promoter
region were found.

Absolute number and percentage of peripheral blood
mDCs and pDCs in CVID patients and healthy subjects

We examined the mDCs and pDCs percentages and absolute
numbers in CVID peripheral blood samples. Figure 2 shows
the mDC and pDC percentages on total leucocytes from 19
CVID patients, 19 healthy subjects and five IVIG control
subjects, and shows the absolute number (cells/ul) and
mDCs/pDCs ratio. The percentage and absolute number of
peripheral blood pDCs and mDCs were significantly lower
in patients than in healthy subjects. In order to assess
whether the low leucocyte count observed in some CVID
patients could be associated with the lower DCs numbers
observed in CVID patients, we performed a correlation anal-
ysis between these cell populations and no correlation was
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Fig. 1. Serum interleukin (IL)-12 (p40 and p70) levels in common vari-
able immunodeficiency disease (CVID) patients control group. Total
serum IL-12 levels of CVID patients were highly significant

(***P < 0-0001). Horizontal lines represent the mean of each group.
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Table 1. Alleles and genotype frequencies of common variable immunodeficiency disease (CVID) patients.

CVID polymorphism

Control polymorphism

IEN-y (CA)n intron

Allele n =64 Frequency
1 (CA)o 0
2 (CA),, 34 (53,1%)
3 (CA)p 28 (43,7%)
4 (CA); 1(1,6%)
5 (CA)y 1 (1,6%)
6 (CA);5 0

3/5

IL-12 p40 3'UTR +1188 A/C

Allele n=70 Frequency
1 31 (77-5%)
2 9 (22%)

IL-12 p40 promoter CTCTAA/GC

Allele n=44 Frequency
1 22 (52%)
2 20 (48%)

Genotype n =32
2/2
2/3
2/4
2/5
3/3
3/4
1 (3%)
4/4

Genotype n =35
1/1
1/2
2/2

Genotype n =22
1/1
1/2
2/2

Frequency
7 (21,9%)
20 (62,5%)
0
0
3 (9,4%)
1 (3%)
3/5
0

Frequency

22 (63%)

10 (29%)
3 (9%)

Frequency
5 (24%)

12 (57%)
4 (19%)

Allele n=112
1 (CA)yo
2 (CA)n
3 (CA)p,
4 (CA);
5 (CA)u
6 (CA)is
0

Allele n=108
1
2

Allele n =586
1
2

Frequency
0
57
48
5
2
3/4

50,89)
42,86)
4,46)
1-79)

—_~ o~~~

Frequency
90 (83,33)
18 (16,67)

Frequency*
286 (49%)
300 (51%)

Genotype =56
2/2
2/3
2/4
2/5
3/3
1(1,79)

4/4

Genotype n =54
1/1
1/2
2/2

Genotype n =293
1/1
1/2
2/2

Frequency
13 (23,21)
27 (48,21)
2 (3,57)
2 (3,57)
10 (17,86)

1(1,79)

Frequency

37 (68,52)

16 (29,63)
1(1,58)

Frequency*
69 (24%)
148 (51%)
76 (26%)

Fisher’s exact test was used to compare CVID patients and controls. p >0-05 in all cases. *These control populations frequencies were reported by

Morahan et al. 2002 [21]. IFN: interferon; IL: interleukin.
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Fig. 2. Myeloid dendritic cells (mDCs) and plasmocytoid DCs (pDCs) percentages, absolute number of mDCs and pDCs and ratio of mDCs/pDCs
from peripheral blood. Percentage of (a) mDCs and (b) pDCs of total leucocytes in common variable immunodeficiency disease (CVID) patients,

healthy control group and intravenous gammaglobulin (IVIG) treatment control group. The percentage of these DC populations from CVID patients
was significantly lower than controls (**P < 0-01). Absolute number (cells/pl) of (c) mDCs, (d) pDCs and (e) ratio of mDCs/pDCs in CVI patients,
healthy control group, and IVIG treatment control group. Absolute number of pDCs and mDCs from CVID patients were lower than healthy controls

(*P < 0-03) and the mDCs/pDCs ratio of CVID patients was not different to the control group. Horizontal lines represent the mean of each group.
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found (data not shown). No differences in mDC or pDC per-
centage or absolute numbers were found between the IVIG
control treatment group and the healthy control group
(Fig. 2).

Discussion

Despite extensive studies on CVID, the underlying cause of
the disease remains elusive. B cells from CVID patients fail to
produce antibodies and hypogammaglobulinaemia is a con-
sistent finding in this syndrome. In vitro studies suggest that
B cells are intrinsically normal and there is a failure in the
incoming signal [2]. In this sense, several abnormalities have
been found in patient T cells that may result in a defective
T/B cell cooperation.

We have described previously a significant increase in IL-
12p40 serum concentration in a group of CVID patients [7].
Altered monocyte/T cell interaction with an important
increase of IL-12 and IFN-y production was also suggested
[8]. Other studies showed an elevated expression of IL-1231
receptor subunit in CVID patients [24]. Taken together, all
these results suggested a bias towards TH1 responses in
CVID patients, a diminished TH2 response and low anti-
body production.

IL-12 is a critical cytokine involved in the initiation of
THI1 responses. The IL-12 molecule is a 70 kDa heterodimer
that comprises p40 and p35 subunits, encoded by different
genes [25-27]. The p35 subunit is expressed constitutively by
many cell types, while p40 is an inducible subunit, restricted
to several cells of haematopoietic origin that include mDCs
but not pDCs. Our analysis of serum IL-12 showed elevated
IL-12p40 concentrations in the majority of CVID patients.
IVIG administration alters significantly the serum pattern of
selected cytokines as IL-6, IL-8, IL-1Rol and tumour necrosis
factor (TNF)-o but not IL-1-beta, IFN-y or IL-2 [28]. This is
not the case for IL-12: in our hands, three CVID patients
without gammaglobulin treatment presented elevated serum
concentrations of IL-12p40, whereas two gammaglobulin-
treated X-linked agammaglonulinaemia patients showed
normal levels of this cytokine.

The clinical variability of CVID, coupled with the pre-
dominant TH1 response described, suggests strongly that
genetic variants of some cytokine genes or promoters may be
related to the CVID phenotype. We have focused on genes
involved in the regulation of THI response such as IFN-y
and IL-12p40, but we could not find any relationship
between the polymorphisms studied and the altered cyto-
kine pattern secretion, the B cell memory-based classifica-
tion of the patients, or CVID susceptibility. The sequence of
IL-12p40 promoter was normal in CVID patients, although
we cannot exclude that other non-analysed cytokine gene
regions could be implicated in the IL-12p40 increase.

Recent studies reinforce the role of DCs in the induction
of TH1/TH2 polarization in the immune responses [29,30].
Two lineages of DCs have been described: myeloid DCs

Increased serum IL-12 p40 levels in CVID

(mDCs) that prime TH1 responses, and pDCs that polarize
immune responses towards TH2 type. In the present study
we observed a low percentage and absolute number of
peripheral blood DCs compared to healthy subjects. These
results corroborate previous studies demonstrating defective
dendritric cell function [10,11], and suggest that impairment
in the innate immune system may account cumulatively
for the inability of CVID patients to eradicate pathogens
through conventional immune pathways, resulting in an
increased risk for recurrent bacterial infections.

We did not find an altered balance between DC sub-
populations that could explain the elevated serum IL-12p40
levels observed in CVID patients. Higher individual IL-12
production by the CVID DCs or the presence of an alter-
native IL-12 production source as monocytes, suggested by
Cambronero et al. [8], must be the cause of these elevated
IL-12 serum levels.

Leucopenia is usually a laboratory finding in CVID
patients. The lack of correlation between DCs percentage
and total leucocytes in our patients excluded that our results
were due to the low leucocyte numbers in some of our CVID
patients; nor was the diminished number of DCs secondary
to IVIG treatment or infections, as demonstrated by the fact
that IVIG-treated non-CVID immunodeficient patients had
normal numbers of DCs. Neither the elevated IL-12 p40
serum levels nor the studied polymorphisms were related to
the classification of the patients.

From our observations the high serum concentration of
IL-12p40 is, together with hypogammaglobulinaemia, the
most consistent abnormal laboratory finding observed to
date in this heterogeneous syndrome.
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