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Abstract

Purpose—Common variable immunodeficiency (CVID) is the most frequent form of primary
symptomatic hypogammaglobulinemia. CVID patients display a number of abnormalities in
lymphocyte subpopulations including chronic T-cell activation and decreased numbers of
circulating CD4" T cells and NK cells. We and others have recently shown that CVID is
associated with increased concentration of soluble CD14 (sCD14) and other factors indicating
limited microbial translocation.

Methods—To address the mechanisms of chronic immune activation in CVID, we performed a
detailed analysis of cytokine serum levels in 36 patients with CVID, 52 patients with selective IgA
deficiency (IgAD), and 56 healthy volunteers.

Results—We show that CVID is associated with elevated serum levels of CXCL-10/IP-10, IL-1R
antagonist, TNF-a, 1L-10, IL-12( p40), CCL-2/MCP-1, G-CSF, and CCL-11/eotaxin. The detected
cytokine signature is consistent with an ongoing activation of cells of myeloid lineage. In contrast,
the levels of cytokines typically produced by CD4* T helper cells of Thl (IFN-y, IL-2), Th2 (IL-9,
IL-13), and Th17 (IL-17) subtypes were suppressed in CVID patients compared to healthy donors.

Conclusions—Presented data suggest that the altered cytokine profile observed in patients with
CVID may be attributed to the activation of monocyte-macrophage and granulocyte lineages,
possibly driven by the translocation of bacterial components across the gastrointestinal or
respiratory tracts mucosal barrier.
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Introduction

Methods

The most frequent form of primary symptomatic hypogammaglobulinemia, common
variable immunodeficiency (CVID), is a group of conditions characterized by the disturbed
specific antibody response, decreased serum 1gG and IgA levels in the presence of variable
levels of IgM. CVID patients suffer from clinically significant immunodeficiency that
manifests by frequent and severe respiratory tract infections, diarrhea and also autoimmune
disorders [1]. Selective IgA deficiency (IgAD) is defined by serum IgA levels below 0.07 g/l
in an absence of other disturbances in immunoglobulin production [2]. IgAD patients
display higher frequency of autoimmune diseases; however, only a minority of these patients
display immunodeficiency symptoms. Mutations in genes coding for CD19, CD20, CD21,
CD81, inducible T-cell costimulator (ICOS), B-cell activating factor-receptor (BAFF-R),
transmembrane activator and calcium modulator and cyclophilin ligand interactor (TACI)
were observed in CVID [3], but, with the exception of TACI, not in IgAD. However;
frequent familiar occurrence of both IgAD and CVID and repeatedly reported progression
IgAD to CVID suggest a common genetic trait [4].

Studies by us and others have previously demonstrated a number of abnormalities in
lymphocyte subpopulations in CVID patients including chronic T-cell activation indicated
by an increased expression of activation markers HLA-DR and CD38 and decreased
numbers of CD4* T- cells and NK cells in the systemic circulation [5-10]. The mechanisms
underlying systemic T-cell activation in CVID patients are not well understood. We have
recently demonstrated that CVID is associated with increased concentration of soluble
cluster of differentiation (SCD)14, C-reactive protein (CRP), and other factors consistent
with limited microbial translocation[5]. Similar results were recently reported by Barbosa et
al. who showed that in addition to elevated sCD14, CVID patients display chronic
monocytic activation [11].

Microbial translocation is a process of transfer of commensal microbial products from the
intestinal lumen into systemic circulation in an absence of overt bacteraemia. Low level of
microbial translocation occurs in healthy individuals; however, its extent dramatically
increases in various pathological conditions including inflammatory bowel disease, coeliac
disease, visceral leishmaniasis, dengue virus infection, HIV infection, hepatic cirrhosis
caused by alcohol abuse or hepatitis B and C infections [12]. Translocation of bacterial and
fungal products result in an activation of both innate and acquired immune response
mechanisms [12]. Although intestinal symptoms are frequent in CVID [13], the extent of
potential damage to gut epithelial barrier in CVID patients is currently unknown.

In this report we sought to determine whether chronic immune activation in CVID and IgAD
is associated with significantly altered serum levels of cytokines and chemokines.

Study population

The study includes 36 patients with CVID (age range 19-78 years, median 45 years, 24
females, 12 males), 52 patients with IgAD (age range 18-63 years, median 32.5 years, 35
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females, 17 males) and 56 healthy volunteers without any known immunopathological
condition (age range 18-71 years, median 31 years, 33 females, 23 males). All CVID and
IgAD patients fulfilled ESID/PAGID diagnostic criteria [14]. Of 36 CVID patients, 28 were
on intravenous immunoglobulin (IVIG) in a dose 170 to 440 mg/kg/3—4 weeks (trough 1gG
levels ranging 3.1-8.3 g/1), 5 on subcutaneous immunoglobulin in a dose 60 — 123 mg /kg/
week (IgG levels ranging 5.3-7.7 g/l ), 1 on intramuscular immunoglobulin replacement
treatment (40 mg/kg/week, 1gG level 3,0 g/l), and 2 were not on immunoglobulin
replacement treatment (IgG levels 3.5 and 2.4 g/l). Three patients were on regular antibiotic
prophylaxis treatment at the time of blood collection. In the case of patients on IVIG
treatment, blood samples were collected before the IVIG infusion. In one patient p. C104R
mutation of the 7TNFRSF13B gene (coding for TACI) was observed; no mutations in /COS
(performed in 20 patients), BAFF-R (performed in 4 patients) genes were recorded.

Twenty CVID patients suffered from bronchiectasis (as determined by the high resolution
computed tomography - HRCT), 26 patients displayed splenomegaly defined as spleen
length more than 11 cm as determined by sonography, 12 suffered of chronic diarrhea,
granuloma formation was detected in 8 subjects. In 5 patients a hepatopathy determined as
an increase of aspartate aminotrasnferase (AST) and/or alanine aminotransferase (ALT)
above the local reference value was documented. Seven patients suffered from autoimmune
diseases (3 atrophic gastritis, 2 hypothyroidism, 1 vitiligo + atrophic gastritis, 1
hypothyroidism + atrophic gastritis). Using the EURO-CLASS classification [15], 21
patients belonged to group smB-21lo; 6 patients to group smB-21norm; 5 patient to group
smB+21lo; 1 patients to smB+21norm. In 3 patients the number of B-cells was < 1% of
peripheral blood mononuclear cells. Nine patients displayed absolute CD4* count <400
108/1. None of the patients suffered from opportunistic infections typical for late-onset
combined immunodeficiency (LOCID)[16]. One patient was treated by steroids
(methyprednisolone 4mg every other day) for lymphocytic interstitial pneumonia. No patient
was under cytostatic treatment at the time or prior to the study

All study subjects included in the study were Caucasians of Moravian origin (eastern part of
the Czech Republic). All samples were collected during apparent acute infection-free period
defined as worsening cough, rhinitis, or presence of new symptoms suspicious of respiratory,
urinary or gastrointestinal tract infections or significant increase in CRP above the levels
typically observed in the given patient. The study was approved by the St Annés University
Hospital Ethic Committee (protocol number 12G/2009); all patients gave informed consent
before inclusion into the study, the study was performed according to the Declaration of
Helsinki.

MILLIPLEX cytokine/chemokine assay

Concentrations of cytokines and chemokines were determined using the 39-plex kit of
MILLIPLEX Human Cytokine/Chemokine Panel (Millipore) and samples were analyzed
undiluted on a Bioplex 100 system with Bioplex Manager Software 5.0 (Biorad, Hercules,
CA). The cytokines/chemokines detected in this kit includes: interleukin (IL)-1a, IL-1,
IL-1receptor antagonist (RA), IL-2, IL-3, IL-4, IL-5, IL-6, IL-7-1L-8, IL-9, IL-10, IL-12
(p40), IL-12 (p70), IL-13, IL-15, IL-17, interferon (IFN)y, IFNa 2, granulocyte-macrophage
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(GM) colony stimulating factor (CSF), granulocyte (G)-CSF, tumor necrosing factor (TNF)
a, TNF B, transforming growth factor (TGF) a, soluble (s)CD40 ligand (L), vascular
endothelial growth factor (VEGF), C-C motif chemokine ligand (CCL)-3/ macrophage
inflammatory protein (MIP)-1 a, CCL-4/ MIP-1 8, CCL-22/macrophage-derived chemokine
(MDC), CCL-2/monocyte chemotactic protein (MCP)-1, CCL7/MCP-3, CXC Motif
Chemokine Ligand (CXCL)-10/ interferon gamma-induced protein (IP)-10, CXCL-1/
growth regulated oncogene (GRO), CX3CL-1/ fractalkine, CCL-11/ eotaxin, Fms-like
tyrosine kinase(FIt)-3 ligand, epidermal growth factor (EGF), EGF-2, and sCD 25 (sIL-2
receptor).

Determination of lymphocyte populations and expression of activation markers

The frequency of lymphocyte subsets and expression of activation markers was determined
by five-color flow cytometry on FC 500 MCL cytometer (Beckman Coulter, Inc Miami, FL)
using standard procedures for direct immunofluorescence. For the purpose of this study the
following monoclonal antibodies-fluorochrome combinations were used: phycoerythrin-
cyanine 5 (PC5) labeled CD3, phycoerythrin-cyanine 7 (PC7)-labeled anti-CD4 and CD8,
phycoerythrin-texas red labeled CD45RO (all from Beckman Coulter) and fluorescein
isothiocyanate (FITC) labeled HLA-DR, (BD Bioscences, San Jose, CA ).

Data analysis

Results

Data were analyzed using Mann-Whitney rank sum and Spearman rank order correlation
tests. The adjustments for multiple comparisons of cytokine expression analysis was not
applied as it would result in an increase in the frequency of the null hypothesis being valid
(Type Il error) when the association in the data is not a result of chance [17]. The correction
for the Type | error applies only to the universal null hypothesis, that is that the two groups
are identical on all variables analyzed [18]. Altered levels of cytokine expression in CVID
patients have been reported previously [19-21]; therefore a valid association was not null.
Furthermore, there is no empirical justification for a hypothesis that all the associations
observed are unpredictable manifestations of random processes [17]. CVID causes systemic
interdependent effects on cytokine and chemokine expression and is likely to simultaneously
upregulate and inhibit the production of multiple factors. Therefore, the null hypothesis does
not apply and an application of Bonferroni adjustment would result in amplification of the
Type Il error [17]. Statistical packages GraphPad Prism 5, SigmaStat 3.1, and STATISTICA
were used. A standard level of statistical significance a =0.05 was used.

To address the mechanisms of chronic immune activation in CVID, we performed a detailed
analysis of cytokine serum levels in patients with CVID and IgAD, and healthy volunteers.
Of 39 cytokines and chemokines analyzed, 9 factors were significantly upregulated and 9
downregulated in the serum of CVID patients (Fig. 1). The spectrum of cytokines up-
regulated in CVID patients was consistent with an ongoing activation of cells of myeloid
lineage including monocytes, macrophages and neutrophils (CXCL-10/1P-10, IL-1R
antagonist, TNF-a, 1L-10, IL-12 p40, CCL-2/MCP-1, G-CSF, CCL-11/eotaxin). In contrast,
the levels of cytokines typically produced by T helper cells of Th1 (IFN-y, IL-2), Th2 (IL-9,
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IL-13) and Th17 (IL-17) subtypes were present at lower quantities in CVID patients
compared to healthy donors. The results of sSCD25 determination in the patients and control
groups partially overlapped set of data published elsewhere [5]. Importantly, a 10-fold
increase in plasma concentration of sSCD25 was observed in plasma of CVID but not IgAD
patients. In individuals with IgAD, serum levels of CXCL-10/1P-10, IL-10, and G-CSF were
significantly higher compared to healthy donors (Fig. 1).

Since hepatocytes have been reported to produce both CXCL-10/IP-10 [22] and IL-1R
antagonist [23, 24], we have correlated the levels of those mediators to serum AST and ALT
levels. A significant direct correlation between CXCL-10/IP-10 and serum AST levels was
detected (R=0.387, p=0.03, Spearman rank order correlation test), no other significant
correlations were observed (data not presented).

Serum cytokine levels in CVID patients were analyzed in relation to key clinical
characteristics including the presence of bronchiectasis, splenomegaly, chronic diarrhea,
granuloma, hepatopathy, and autoimmunity. Significant differences are shown on Fig. 2.
There was an increase in CCL-11/eotaxin and sCD25 levels in patients with diarrhea,
elevated CXCL-10/IP-10 levels in patients with splenomegaly, increase in EGF in patients
with granuloma, increase in CCL-11/eotaxin levels in patients with bronchiectasis, and
decrease in IFN- vy levels in patients with autoimmunity compared to patients without these
clinical complications; no other significant difference was detected.

The correlations between serum cytokine levels and presence of activation markers
(expression of HLA-DR and CD45R0) on CD8" and CD4™ T cells are presented in Table 1.
In general, the expression of cytokines that are primarily produced by activated cells of
myeloid lineage including TNF-a, G-CSF, CXCL-10/IP-10, FIt-3L, and IL-10 directly
correlated with the expression of lymphocyte activation markers. Furthermore, the levels of
sCD25 inversely correlated with absolute CD4* count (R= —0.571; p= 0.03).

The differences in cytokine levels in relation to the classification of patients according to
EUROclass criteria [15] were analyzed using Kruskal-Wallis analysis. Statistically
significant differences were observed for 1L-12 (p40) (p=0.02): increase in group smB+21lo
compared to groups smB-21lo (5=0.002,), smB-21norm (p=0.01), and low B-cells (p=0.02),
and sIL-2R (p=0.01): increase in group smB-21lo compared to groups smB-21norm
(1p=0.05) and smB+21lo (p=0.01).

Discussion

The studies presented here have demonstrated significantly increased serum levels of
cytokines and chemokines TNF-a, CXCL-10/1P-10, IL-1RA, IL-10, IL-12 (p40), CCL-2/
MCP-1, G-CSF, sCD25, and CCL-11/eotaxin in CVID patients compared to healthy donors.
These factors are either directly produced by or are associated with a recruitment and
activation of cells of myeloid lineage including monocytes, macrophages, and neutrophils.
Activation of monocytes and other myeloid cells is an important contributing factor in the
pathogenesis of multiple inflammatory conditions [25]. Chronic monocyte activation
represents a characteristic feature of CVID [11]. We and others have recently suggested that
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systemic immune activation in CVID is induced by a local damage to the gastrointestinal
tract barrier and ensuing microbial translocation as evidenced by increased serum levels of
sCD14 and CRP [5, 11]. It is plausible that in hypogammaglobulinemic patients microbial
components are translocated across the epithelial barrier of other organs including lung,
bronchi, and sinuses. Interestingly, microbial translocation caused by the damage to
intestinal epithelial barrier represents a driving mechanism of monocyte activation in
acquired immunodeficiency syndrome (AIDS) [26, 27] and possibly other pathological
conditions [12]. Increased frequency of activated monocytes was also reported in patients
with X-linked agammaglobulinemia [28]. In summary, the accumulated data are consistent
with the hypothesis that microbial translocation may be the driving force of chronic myeloid
and, subsequently, lymphoid activation in CVID.

Altered levels of cytokine production in CVID have been previously reported. Rezaei et al.
observed in 24 CVID patients increased serum IL-4 and I1L-10 but not IL-2 and IFN-y levels,
suggesting Th2 predominance in CVID patients [20]. Kasztalska et al. documented
increased IL-2 and IL-10 plasma levels [21]. In another study, serum levels of IL-6, IL-8,
IL-1RA and TNF- a, but not of IL-2 and IL-1 were increased in 29 CVID patients compared
to healthy controls [19]. Aukrust et al. observed increased serum levels of IL-4 and IL-6 but
not of TNF a and IL-1 in 25 patients with CVID [29]. Increased plasma level of IL-7 and
impaired response to this cytokine was observed in a subset of CVID patients [30].

Our observation of increased levels of IL-10, IL-RA, TNF-a in CVID patients is consistent
with some of the previously published observations. However, in contrast to the study of
Rezai et al. [20], we do not attribute the abnormalities in cytokine levels to Th2
predominance but rather to activation of monocyte-macrophage population in CVID, as IL-
10 is not produced exclusively by TH2 cells, but also by monocytes and macrophages that
are considered to be an important producer population of this cytokine [31]. This is further
supported by previous observations of increase in serum CCL-19/MIP-3b and CCL-21 in
CVID, the increase in CCL-19 being higher in patients with bronchiectasis compared to
patients without bronchiectasis [32].

Serum levels of IL-12 (measured p40 and p70 together, but not IL-12p70 measured
separately) were previously reported to be increased in CVID [33]. The data presented here
are consistent with a report by Cambronero et al. showing that monocytes from patients with
CVID express elevated levels of I1L-12 p40 [34]. IL-12 p40 subunit, a protein shared by
IL-12 and IL-23, is produced primarily by macrophages. The p40 homodimer is a potent
inhibitor of the effect of IL-12 and IL-23 heterodimers [35, 36]. In conjunction with IL-6
and TGF-B1, IL-23 stimulates naive CD4* T cells to differentiate into Th17 cells.
Antagonistic effect of 1L-23 p40 homodimer may be partially responsible for the inhibition
of IL-17 production in CVID patients by interference with IL-23 signaling pathway.
Consistent with this data, Barbosa et al. have recently reported that patients with CVID and
congenital agammaglobulinemia display severe reduction of frequency of circulating Th17 T
cells [37]. However, more detailed studies are needed to understand the role of 1L-23 p40
homodimer and Th17 cells in CVID.
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The levels of CXCL-10/IP-10, originally identified as a cytokine produced by monocytes in
response to IFN-y, were shown to be increased in hepatitis C virus (HCV) infection where
they correlate with HCV viral load, hepatic inflammation and fibrosis, and have been used
for prediction of HCV virus relapse following HCV therapy in HCV-HIV-1 co-infected
patients [38, 39]. CCL-11/eotaxin was shown to be produced primarily by pro-inflammatory
macrophages in multiple models where it mediates eosinophilic inflammation [40, 41].

IL-1RA is a member of the interleukin-1 cytokine family inhibiting the activities of IL-1a
and B by binding to their cognate receptor and preventing the signal pathway. Soluble form
of IL-1RA has been shown to be produced by hepatocytes and HepG2 cells and regulated by
IL-1B and IL-6 in a manner similar to acute phase proteins [23, 24]. CRP and other acute
phase proteins enhance the production of IL-1RA by human monocytes in synergy with low
levels of LPS [42]. IL-1RA is also produced by IFN-y-induced neutrophils[43]. We have
previously demonstrated elevated levels of CRP in individuals with IgAD and CVID [5].
Altered levels of CRP, CXCL-10/IP-10, and IL-1RA may indicate an activation of
hepatocytes in CVID patients, as shown also by the documented correlation of AST with
CXCL-10/1P-10.

SCD25 (slL-2Ra) is produced by activated T cells. It is released by a proteolytic cleavage of
the surface molecule driven by a family of enzymes collectively referred to as “sheddases’
[44, 45]. sCD25 competes with its cell surface analog for binding of IL-2; however, the
ramifications of this process are not fully understood. The sCD25/1L-2 complex enhanced
IL-2-mediated phosphorylation of STAT-5 in CD4* T cells, upregulated FoxP3, and
promoted differentiation of T cells to Treg rather than Th1 or Th17 cells [46]. Cabrera et al.
have reported that elevated levels of SCD25 in sera of patients with hepatocellular carcinoma
(HCC) correlated with blunted effector T cell responses [47]. HCC serum and sCD25
suppressed T effector responses in a dose-dependent fashion [47]. We observed that sCD25
correlates positively with plasma concentration of SCD14 and negatively with the frequency
of CD4* CD25* T cells [5]. It is feasible that high concentrations of sCD25 observed in
CVID patients contribute to the suppression of T cell function.

sCD25 is used in several diagnostic purposes as a marker of immune system activation.
Elevated sCD25 concentrations are associated with activation of lymphocytes in
inflammation of infectious and non-infectious origin, in autoimmune diseases, and in cancer
[48, 49]. We [5] and others [50] have shown markedly increased levels of sCD25 in CVID
patients. SCD25 thus represents a promising marker of immune dysregulation in CVID; its
clinical value in diagnosing disease stage and progression warrants further investigation.

Although there were some similarities between the abnormalities in cytokine/chemokine
levels in patients with IgAD compared to CVID patients [increase of CXCL10/1P-10, IL-10,
and G-CSF and decrease of IL-9 and 1L-12(p70)], the observed abnormalities were less
extensive in IgAD subjects compared to those present in CVID patients. This is consistent
with our previous observation demonstrating an increased level of sCD14, a marker of
bacterial translocation, in CVID but not IgAD patients. Accumulated evidence suggests that
the deficiency of secretory IgA plays a minor, if any, role in the activation of immune system
in CVID and that the absence of secretory IgA alone most likely does not result in an

J Clin Immunol. Author manuscript; available in PMC 2016 May 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hel et al.

Page 8

increased microbial translocation across the mucosal barrier. Loss of IgA is partially
compensated by increased IgM in the secretions in IgAD [2]; protective effect of IgM was
documented on bacterial nontypeable Haemophilus influenzae colonization of the
respiratory tract of patients with hyper. IgM syndrome [51]. However, this mechanism has
not yet been documented in CVID patients.

In conclusion, our observations suggest that altered cytokine profile observed in patients
with CVID may be attributed to the activation of monocyte-macrophage and granulocyte
lineages, possibly driven by the translocation of bacterial components across the mucosal
barrier of the gastrointestinal or respiratory tracts. The alteration of levels of most cytokines
is not observed in IgAD patients suggesting that the defect in IgA production does not exert
a significant effect on these mechanisms.
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Figure 1. Analysis of cytokine profilein the serum of CVID and IgA patients
Serum concentration of factors that are upregulated (A) or downregulated (B) in CVID and

IgA patients are presented. Horizontal line indicates median; Mann-Whitney rank sum test

was used for statistical evaluation.
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Figure 2. Significant differencesin serum levels of determined cytokines/chemokinesin patients
with or without diarrhea, splenomegaly, granuloma, bronchiectasis, and autoimmunity

There were no differences comparing patients with and without hepatopathy. Horizontal line
indicates median, Mann-Whitney rank sum test was used for statistical evaluation.
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