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Introduction

Common variable immunodeficiency disorders (CVID) rep-
resent the most frequent cause of symptomatic primary
immunodeficiency [1]. CVID are defined by quantitative
and qualitative reduction in antibody production due to het-
erogeneous defects in mature B cells [1,2]. Besides imbal-
ances in B cell subsets, CVID are associated frequently with
persistent T cell activation and loss of naive T cells, which
are reported even in patients receiving replacement therapy
with immunoglobulin (Ig) G [1-4]. Indeed, non-infectious
complications, such as lymphoproliferation and granuloma-
tous disease, are currently the main causes of morbidity and
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Summary

Common variable immunodeficiency disorders (CVID), the most frequent
cause of symptomatic primary immunodeficiency, are defined by impaired
antibody production. Notwithstanding, T cell activation and granulomatous
manifestations represent the main causes of CVID morbidity even in patients
receiving immunoglobulin (Ig) G replacement therapy. Additionally, gut
pathology is a frequent feature of CVID. In this study, we investigated mono-
cyte imbalances and their possible relationship with increased microbial
translocation in CVID patients. Monocyte subsets were defined according to
CD14 and CD16 expression levels and evaluated in terms of human leucocyte
antigen D-related (HLA-DR), CD86 and programmed death-1 molecule
ligand 1 (PD-L1) expression by flow cytometry, in parallel with the quantifi-
cation of plasma lipopolysaccharide (LPS) and serum levels of soluble CD14
(sCD14), LPS-binding protein (LBP) and anti-LPS antibodies. CVID patients
(n=31) featured significantly increased levels of serum sCD14 and an expan-
sion of CD14"8"CD16* monocytes in direct correlation with T cell and B cell
activation, the latter illustrated by the frequency of the CD21°“CD38""
subset. Such alterations were not observed in patients lacking B cells due to
congenital agammaglobulinaemia (n = 4). Moreover, we found no significant
increase in circulating LPS or LBP levels in CVID patients, together with a
relative preservation of serum anti-LPS antibodies, in agreement with their
presence in commercial IgG preparations. In conclusion, CVID was associated
with monocyte imbalances that correlated directly with T cell activation
markers and with B cell imbalances, without an association with plasma LPS
levels. The heightened monocyte activated state observed in CVID may rep-
resent an important target for complementary therapeutic strategies.

Keywords: common variable immunodeficiency, CVID, monocyte activation,
plasma LPS, T cell activation

mortality in CVID [1,2]. The mechanisms underlying the
chronic immune activation associated with CVID remain
largely unclear. Another main cause of CVID morbidity is
gastrointestinal pathology, with or without malabsorption
[1,2]. The impairment in IgA production and other CVID-
associated mucosal alterations have been shown to be often
associated with increased intestinal permeability [5]. Thus, it
is plausible that increased levels of microbial translocation,
particularly of bacterial products such as lipopolysaccharide
(LPS), with consequent monocyte stimulation, may contrib-
ute to the chronic immune activation observed in CVID
patients, as reported for human immunodeficiency virus
(HIV-1)-infected individuals [6].
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Monocytes are important orchestrators of the immune
system, linking innate and adaptive immune responses.
Blood monocytes have the ability to migrate into tissues,
where they can differentiate and give rise to distinct func-
tional cell types, such as macrophages and dendritic cells
(DCs) [7]. They have long been recognized as the main
promoters of inflammatory responses to pathogens and to
be involved in many inflammatory diseases [7]. Recent
studies have called attention to their suppressive and regu-
latory functions, suggesting that monocytes play a central
role in the modulation of immune responses, particularly
in the context of chronic immune activation [8]. These
data point to the heterogeneity of monocyte subsets,
with distinct functions and phenotypes [9-11]. Recently,
an effort was made in putting forward a consensus nomen-
clature that proposed three main monocyte subsets
defined according to the expression levels of CD14 and
CD16, as follows: classical CD14"#"CD16~ monocytes,
the most abundant monocyte population found in
peripheral blood; intermediate CD14"#"CD16% and non-
classical CD149"CD16* subsets [12]. The intermediate
CD14™#"CD16" monocyte subset has been shown consis-
tently to expand in many proinflammatory clinical settings
[12,13], and particularly in association with HIV infection
[14,15].

CVID has been associated with defective in vitro matura-
tion of DCs from monocytes, at least in a subset of patients
[16,17], and with disturbances in the monocyte responses
upon LPS stimulation in vitro [18]. Additionally, CVID
patients were shown to have reduced numbers of circulating
DCs [19,20], with perturbed differentiation and function,
namely reduced expression levels of the co-stimulatory mol-
ecules CD86 and CD80, an impaired ability to produce inter-
leukin (IL)-12 upon stimulation [21-23], as well as lower
antigen-presenting capacity in mixed lymphocyte reactions
[22,23].

Monocyte-related alterations, namely an increased fre-
quency of CD16-positive monocytes [24] and decreased
numbers of myeloid DCs [25], have also been reported in
patients lacking B cells due to blockade in early B cell devel-
opment in the bone marrow associated with genetic defects
in Bruton’s tyrosine kinase (Btk) leading to congenital agam-
maglobulinaemia [26]. Nevertheless, we and others have
shown that, in contrast to CVID, congenital agammaglobu-
linaemia is not associated with a significant increase in T cell
activation markers [3,18,27].

In this study, we investigated the monocyte compartment
in patients with CVID and provide evidence that CVID was
associated with increased markers of monocyte activation in
direct correlation with the expansion of activated T cell
subsets, irrespective of plasma LPS levels. Monocytes may
thus be important contributors to the inflammatory milieu
that leads to T cell activation, lymphoproliferative manifes-
tations and granuloma formation associated with CVID
[1,28].
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Material and methods

Cohort characterization

The study involved 31 patients with CVID, diagnosed
according to the European Society for Immunodeficiencies
criteria (http://www.esid.org), namely IgG and IgA and/or
IgM levels at least two standard deviations below the mean
for age, impaired antibody response to vaccines, absent/low
isohaemagglutinins and exclusion of defined causes of
hypogammaglobulinaemia. Patients with congenital agam-
maglobulinaemia, presenting less than 1% of B cells within
total peripheral lymphocytes (n=4), were also included.
These cohorts have been described previously [3]. The
clinical and epidemiological characterization of these
cohorts is summarized in Table 1. Twenty-nine CVID and
all congenital agammaglobulinaemia patients were receiv-
ing IgG replacement therapy, adjusted to maintain preinfu-
sion Ig levels above 650 mg/dl. The two CVID patients not
receiving IgG featured levels of total serum IgG of 227 and
473 mg/dl. All patients were free from symptomatic infec-
tions at the time of collection of the blood samples, which
was always performed immediately before the immunog-
lobulin infusions in the patients receiving intravenous
administration. Four CVID patients were receiving ste-
roid therapy at the time of the study. Fifteen healthy indi-
viduals were studied in parallel. All subjects gave written
informed consent for blood sampling and processing.
The study was approved by the Ethical Boards of the
Faculdade de Medicina da Universidade de Lisboa and
of the Hospital de Santa Maria, and performed in accor-
dance with the 1964 Declaration of Helsinki and its later
amendments.

Cell staining and flow cytometric analysis

Phenotypic analysis was performed using whole blood
samples collected immediately before IgG administration.
After staining with monoclonal antibodies and red blood
cells lysis using BD fluorescence activated cell sorter (FACS)
lysing solution (BD Biosciences, San Jose, CA, USA), samples
were acquired on a FACSCalibur flow cytometer (BD
Biosciences). The following anti-human monoclonal anti-
bodies were used, with the clone and the respective directly
conjugated fluorochrome specified in brackets: CD16 [3GS8;
fluorescein isothiocyanate (FITC)], CD3 [SK7; peridinin
chlorophyll (PerCP)], CD4 (SK3; PerCP), CD8 (SKI;
PerCP), CD8 [RPA-TS; allophycocyanin (APC)], CD38
[HB7; phycoerythrin (PE)], CD86 (FUN-1; PE), IgD (IA6-2;
PE), IgM (G20-127; APC), human leucocyte antigen
D-related (HLA-DR) (L243; FITC and PerCP), interferon
(IFN)-7y (4S.B3; FITC), from BD Biosciences; CD4 (RPA-T4,
FITC and PerCP-Cy5-5), CD8 (RPA-T8; FITC and PE),
CD14 (61D3; PE-Cy7 and APC), CD19 (HIB19; PerCP-
Cy5-5 and PE-Cy7), CD27 (0323; FITC, PE and APC),
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Table 1. Clinical and epidemiological data of the studied cohorts.

Monocyte disturbances in CVID

Congenital
Healthy CVID agammaglobulinaemia’
Number (male/female) 15 (5/10) 31 (11/20) 4 (4/0)
Age (years) 39 £11 40 =13 26 =5
Clinical manifestations®
Autoimmune disease n.a. 17/31 (55%) 0
Adenopathies n.a. 10/31 (32%) 0
Lymphoid proliferation n.a. 18/20° (86%) 0
Granulomas n.a. 3/20% (15%) 0
Chronic diarrhoea n.a. 15/31 (48%) 0
Splenomegaly n.a. 16/31 (52%) 0
EUROclass classification
smB*21"™ n.a. 5129 (17%) n.a.
smB*21'° n.a. 9/29 (31%) n.a.
smB21"™ n.a. 6/29 (21%) n.a.
smB21"° n.a. 9/29 (31%) n.a.
smB~Tr"™ n.a. 9/29 (31%) n.a.
smBTr™ n.a. 6/29 (21%) n.a.
IgG replacement therapy®
Intravenous n.a. 24/31 (77%) 4 (100%)
Subcutaneous n.a. 5/31 (16%) 0
Length of IgG therapy (years) n.a. 76 16 = 11

"Two of the congenital agammaglobulinaemia patients had a known genetic defect in the Bruton’s tyrosine kinase (Btk) gene; namely, one had the
IVS17-1G— C mutation and the other presented with the R288Q mutation; in the other two patients, mutations in the Btk gene have been excluded and

evaluation of autosomal recessive forms is ongoing. *Diagnostic criteria: autoimmune disease — clinical data, given the impairment in antibody

production; bronchiectasis — computed tomography; splenomegaly — longitudinal spleen diameter superior to 15 cm (computed tomography or ultra-

sonography); adenopathies — lymph node larger than 1 cm diameter in two or more lymphatic chains in clinical and/or imaging exams; lymphoid

proliferation and granulomas — diffuse lymphocytic infiltrates or granulomas on gastrointestinal, lymph node or pulmonary biopsies. Percentage

within total cohort evaluated in brackets. ‘Total number of individuals with biopsies. CVID: common variable immunodeficiency; n.a., not applicable;

smB: switched-memory B cells; Tr: transitional B cells.

CD45RA (HI100; FITC and APC), PD-L1 (MIH1; APC) and
tumour necrosis factor (TNF)-oo (MAb11; PE), from eBio-
sciences; and CD21 (BL13; FITC) from IO Test (Beckman
Coulter, Brea, CA, USA). Data were analysed using CellQuest
(BD Biosciences) and FlowJo (Tree Star Inc., Ashland, OR,
USA) softwares. Lymphocyte and monocyte subsets were
defined within manually set lymphogate/monogate. Results
were expressed as percentage of cells that stained positive for
a given marker, or as its mean fluorescence intensity (MFI)
within the defined population. Total cell numbers were cal-
culated by multiplying the percentage of each population
within total lymphocytes/monocytes by the peripheral blood
lymphocyte/monocyte count obtained at the clinical labora-
tory on the day of sampling.

Analysis of cytokine production

Cytokine production was assessed at the single-cell level, as
described previously [3]. Briefly, freshly isolated peripheral
blood mononuclear cells cultured in the presence of Brefel-
din A (10 pg/ml; Sigma-Aldrich, St Louis, MO, USA) for 4 h
at 37°C with 5% CO,, were stimulated with LPS (100 ng/ml;
Sigma-Aldrich) for assessing TNF-o. production by mono-
cytes or with phorbol myristate acetate (50 ng/ml; Sigma-
Aldrich) and ionomycin (500 ng/ml; Calbiochem, Merck

© 2012 The Authors

Biosciences, Nottingham, UK) for assessing the lymphocyte
production of IFN-y.

Quantification of soluble CD14 (sCD14), LPS-binding
protein (LBP), LPS and IgG endotoxin core
antibodies (EndoCADb)

The human EndoCAb® assay kit and the enzyme-linked
immunosorbent assay (ELISA) kit for Endoblock LBP
(HyCult Biotechnology, Uden, the Netherlands) were used to
quantify the serum concentrations of IgG EndoCAb and
LBP, respectively. Serum sCD14 levels were quantified by
ELISA using the human sCD14 Quantikine (R&D Systems,
Minneapolis, MN, USA). Plasma LPS levels were quantified
using the limulus amoebocyte assay (Cambrex, East Ruther-
ford, NJ, USA); plasma samples were diluted and pretreated
as described previously [6]. All samples were assayed in
duplicate, according to the manufacturer’s instructions.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
5-0 (GraphPad Software, La Jolla, CA, USA). Two group
comparisons were performed using the Mann—Whitney
U-test. Spearman’s coefficient was used to determine the
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significance of the correlation between two variables. Results
are expressed as mean * standard error of the mean (s.e.m.),
and P-values <0-05 were considered significant.

Results

CVID was associated with monocyte activation

The monocyte compartment was investigated in a previously
described cohort of 31 patients with CVID (Table 1) [3].

CVID patients showed significantly higher levels of sCD14
than healthy subjects (Fig. 1a), suggesting significant levels
of monocyte activation [6,29].

Monocyte subsets were defined by flow cytometric whole
blood analysis through the differential expression of CD14
and CD16, as illustrated in Fig. 1b. Although the number of
total circulating monocytes in CVID patients was similar to
age-matched healthy individuals (493-3 = 35-81 cells/ul in
controls versus 504-7 x 40-25 cells/ul in CVID patients;
P=09810), we found a significant increase in both
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Fig. 1. Monocyte activation markers in common variable immunodeficiency (CVID) and congenital agammaglobulinaemia. (a) Serum levels of
soluble CD14 (sCD14). Each dot represents one individual, with bars indicating mean values. Open circles refer to healthy individuals, solid circles
to CVID patients, and grey squares to congenital agammaglobulinaemia (Agamma) patients. (b) Illustrative flow cytometric analysis of monocyte
subsets according to CD14 and CD16 expression levels in representative CVID (right panel) and healthy (left panel) individuals. (c) Frequency and
absolute counts of monocyte subsets as defined in (b). (d) Mean fluorescence intensity (MFI) of human leucocyte antigen D-related (HLA-DR),
CD86 and programmed death-1 molecule ligand 1 (PD-L1) within total monocytes. Healthy individuals are represented in open bars, CVID
patients in solid bars and congenital agammaglobulinaemia patients in grey bars. Bars indicate mean * standard error of the mean. P-values of

statistically significant differences are shown.
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the frequency and absolute numbers of CD14"*#"CD16*
monocytes in CVID patients in comparison with controls
(Fig. 1c), a subset associated with inflammatory settings
[11-15,30].

In agreement with a state of monocyte activation in
CVID patients, the levels of expression of HLA-DR within
total monocytes were significantly higher than in controls
(Fig. 1d), due mainly to increased levels of HLA-DR within
the expanded CD14"#"CD16* monocyte subset (MFI in
healthy individuals 133-0 = 11-34 versus 187-2 * 13-28 in
CVID patients; P = 0-0052). Conversely, no significant alter-
ations in the expression levels of the co-stimulatory molecule
CD86 were found in CVID patients (Fig. 1d).

We found no increase in the expression levels of PD-L1 on
monocytes in CVID patients compared to healthy subjects
(Fig. 1d), suggesting that this inhibitory pathway was prob-
ably not induced significantly in CVID, despite the evidence
for immune activation.

We also investigated the monocyte compartment in a
group of patients we have described previously [3] with con-
genital agammaglobulinaemia (Table 1) and who lack circu-
lating B cells due to defects in early B cell development, and
found no significant increase in serum sCD14 or in the fre-
quency of CD14™"CD16" monocytes in these patients
(Fig. 1a,c).

Btk deficiency, a main cause of congenital agammaglobu-
linaemia, has been shown to be associated with an increased
frequency of CDI16-expressing monocytes [24], but no

(@)

Monocyte disturbances in CVID

distinction was made at that time between CD14"*#"CD16*
and CD14%™CD16" subsets, which are believed to possess
distinct functional properties [30]. We found that the
increase in CD16 was restricted to CD14%*CD16* mono-
cytes (Fig. 1c). This subset was expanded significantly in
patients with congenital agammaglobulinaemia, both in
terms of frequency and absolute counts, in relation to both
healthy individuals and CVID patients (Fig. 1c).

Although the results should be interpreted cautiously,
given the small number of patients with congenital agam-
maglobulinaemia evaluated, our data showed that, in con-
trast to CVID, there was no expansion of the CD14*¢"CD16*
subset and no increase in sCD14 levels.

Overall, we provided evidence for significant levels of
monocyte activation being a feature of CVID.

Monocyte activation was unrelated to plasma LPS
levels in CVID

Our findings of no up-regulation of markers of monocyte
activation in patients lacking B cells raise the possibility that
factors other than defective mucosal IgA production, and the
possible related increase in microbial translocation, are con-
tributing to the CVID-associated monocyte activation.
CVID patients showed low to undetectable levels of
plasma LPS, a bacterial product that increases in the periph-
eral blood as a result of microbial translocation in the
gut (Fig. 2a). Moreover, CVID patients with gastrointestinal
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manifestations, such as chronic diarrhoea or evidence of
malabsorption, did not feature higher levels of plasma LPS
than healthy controls (Fig. 2a).

We also confirmed that monocytes from CVID patients
were not impaired in their ability to produce TNF-o
upon in vitro LPS stimulation (percentage of monocytes
expressing TNF-o: 55-75 * 3:-56 in 26 CVID patients
and 65-96 * 4-24 in eight healthy controls; P = 0-2820), as
reported previously [18]. These data, showing that mono-
cytes from CVID patients were not refractory to additional
LPS stimulation in vitro, further suggest a lack of previous
exposure to increased plasma LPS.

We measured the levels of LPS-binding protein (LBP), a
molecule that binds circulating LPS [29], and found them
to be similar in healthy individuals and CVID patients
(Fig. 2b), further suggesting that the degree of microbial
translocation was not substantial.

Another important pathway contributing to LPS clear-
ance from circulation involves antibodies against the LPS
core oligosaccharide (EndoCAb) [6]. It is possible that
IgG replacement therapy provides adequate amounts of
EndoCAb levels, restoring the humoral response to LPS that
patients are probably unable to mount.

We measured EndoCAD IgG levels in five IgG lots admin-
istered to the patients (two lots of intravenous Octagam®
5%, two lots of subcutaneous Vivaglobin® 16% and one lot
of subcutaneous Gammanorm® 16-5%) and found these
antibodies to be present in significant amounts [values
between 120 GMU (IgG median units)/ml and 250 GMU/
ml]. Additionally, the amount of EndoCAb IgG within total
IgG was similar in the serum of CVID patients and healthy
individuals, even though total serum IgG was significantly
lower in CVID patients than in controls (Fig. 2¢). All patients
assessed were receiving IgG replacement therapy, with the
exception of one, who still presented detectable amounts of
EndoCAb IgG (29-78 GMU/ml; total IgG 473 mg/dl and
EndoCAb IgG within total IgG 6-13 GMU/mg).

Thus, given the reduced plasma LPS and the unaltered
serum LBP levels that we documented in CVID patients, IgG
replacement therapy might be sufficient to limit the levels of
LPS in peripheral blood. These results are against a major

o Healthy r = 0-05455;
P =0-8734

Fig. 3. Relationship between markers of

role of the gut-associated microbial translocation to the
documented monocyte activation.

In summary, the alterations observed in the monocyte
populations from CVID patients seemed to be unrelated to
plasma LPS levels.

Monocyte activation was associated directly with T cell
disturbances in CVID patients

We reported above that, in contrast to CVID, patients with
congenital agammaglobulinaemia showed no increase in
markers associated with monocyte activation. Our results are
particularly interesting, as we had reported previously the
lack of T cell activation and significant T cell imbalances in
these patients with congenital agammaglobulinaemia [3].

Accordingly, in CVID patients the expansion of
CD14""CD16* monocytes was associated directly with T
cell activation, and correlated inversely with the frequency of
naive CD4 T cells (Fig. 3). The expansion of this population
in CVID patients was also associated with the frequency of
IFN-y-producing CD4 T cells (Fig. 3), another measure of T
cell activation that we have shown previously to be increased
significantly in this CVID cohort in comparison to healthy
individuals [3].

Importantly, as described above, we found no significant
up-regulation of the inhibitory molecule PD-L1 in CVID
patients compared to healthy subjects, both within whole
monocytes (Fig. 1d) and in the three monocyte subsets (data
not shown). We further investigated a possible association
between PD-L1 levels in monocytes and T cell imbalances
and found that PD-L1 levels within the expanded
CD14™#"CD16" monocyte subset increased in direct corre-
lation with CD4 T cell activation (r=0-6056, P =0-0003)
and the loss of naive CD4 T cells (r =—0-5202, P = 0-0038) in
CVID patients. Nevertheless, PD-L1 up-regulation in the
CD14"#"CD16* monocyte subset of CVID patients was
apparently not as marked as that observed in other persistent
inflammatory settings, such as HIV-1 infection [31-33], sug-
gesting an impairment of the PD-L1 pathway in CVID, pos-
sibly translating into a reduced ability to control immune
activation. This is particularly relevant given the fact that the
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PD-1/PD-L1 pathway is involved in peripheral tolerance
and autoimmunity [34] and that the expansion of
CD14™"CD16" monocytes was significantly higher in
CVID patients with autoimmune disease (P=0-0328). Of
note, this expansion was not more marked in CVID patients
with granuloma or lymphoproliferation (P> 0-05). Addi-
tionally, significant correlations were observed between the
expression levels of the co-stimulatory molecule CD86
within CD14"#"CD16* monocytes and T cell imbalances
(r=0-3706, P=0-0402 with CD4 T cell activation;
r=-0-4300, P = 0-0199 with the frequency of naive CD4 T
cells) in CVID patients, reinforcing the relevance of address-
ing the regulation of co-stimulatory and inhibitory pathways
in future CVID studies.

Altogether, our data showed that monocyte activation
in CVID was associated directly with markers of T cell
activation.

CVID patients grouped according to the EuroClass
classification featured distinct monocyte imbalances

B cell imbalances have been used as an attempt to classify
CVID patients into more homogeneous subgroups. The
EuroClass classification has thus been proposed based in
three main B cell abnormalities observed in CVID: the
reduction in switched-memory B cells and the expansions of
either transitional or CD21°"CD38"°" B cells [35]. When
our cohort was stratified according to the EuroClass,
we found no differences regarding CD86 expression
within CD14"*#"CD16* monocytes among the different sub-
groups (P> 0-1900). However, PD-L1 expression within this
subset was significantly higher in patients with reduced

=

Monocyte disturbances in CVID

switched-memory B cells and expansion of transitional B
cells (smB~Tr") compared to those who did not present that
expansion (smBTr"™) (Fig. 4a). In addition, we found that
the expansion of CD14""CD16* monocytes was particu-
larly relevant in patients who did not have reduced switched-
memory B cells but had expanded CD21°*CD38"" B cells
(smB*21"°) compared to patients who did not (smB*21™™)
(Fig. 4b). In agreement, the frequency of CD14™#"CD16*
monocytes was associated directly with the frequency of
CD21""CD38"" B cells in CVID patients (Fig. 4c).

In conclusion, we showed that monocyte imbalances were
particularly marked in CVID patients lacking switched-
memory B cells and/or having an abnormal expansion of the
CD21""CD38"" B cells.

Discussion

In this study we have shown that CVID is associated with
increased serum levels of sCD14 and an expansion of
CD14"*"CD16" monocytes, in direct correlation with T cell
and B cell imbalances. Moreover, monocyte hyperactivation
occurred irrespective of plasma LPS levels, suggesting that
monocytes may represent important targets for therapies
complementary to IgG replacement aiming to control the
granulomatous and lymphoproliferative manifestations in
CVID.

Such monocyte activation markers were not observed in
patients lacking peripheral B cells due to congenital agam-
maglobulinaemia who, notably, also did not present major T
cell imbalances. Although the number of patients with con-
genital agammaglobulinaemia was small, our results are in
agreement with a previous study that also reported a lack of
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major alterations in monocyte function as assessed in vitro in
patients with X-linked agammaglobulinaemia [18].

CD14 shedding from the membrane of monocytes is gen-
erally accepted as a marker of monocyte activation, with
levels of sCD14 being increased in inflammatory and
autoimmune diseases in the context of acute inflammation
and sepsis, as well as in HIV-infected patients [6,29].
CD14"*"CD16" monocytes have been shown to have a high
inflammatory potential, based on transcriptome analysis
[11,30], and to be expanded in inflammatory conditions
[12,13], being associated with disease progression in chronic
HIV-1 infection [14,15].

We showed that the expression of HLA-DR within total
monocytes was significantly higher in CVID than in con-
trols, compatible with a state of monocyte activation. This is
in agreement with the study by Cambronero et al. which
showed an up-regulation of HLA-DR within the whole
monocyte population in CVID patients [18]. It is worth
noting that this increase was due mainly to the expression
of HLA-DR within the expanded CD14"#"CD16* monocyte
subset, supporting its enhanced inflammatory capacity.
Conversely, expression levels of the co-stimulatory molecule
CD86 were similar in CVID patients and in healthy
individuals. CD86, a marker of monocyte differentiation and
acquisition of antigen-presentation properties, has been
shown to be expressed at reduced levels in monocyte-derived
DCs generated in vitro, supporting an impaired function as
antigen-presenting cells in CVID [16,36].

Monocytes may also up-regulate inhibitory molecules,
which are thought to play an important role in the regulation
of immune responses and in limiting immunopathology.
PD-L1 (B7-H1) binds programmed death-1 molecule (PD-
1), an inhibitory receptor expressed on many cells, particu-
larly activated T and B lymphocytes, establishing a pathway
of central relevance in inflammatory states [31,32]. Both
PD-L1 and PD-1 can be up-regulated upon activation, with
PD-1 expression on T cells having been associated with func-
tional exhaustion in the context of chronic viral infection,
due to persistent antigen exposure [37-39]. Of note, PD-L1
expression has been shown to be up-regulated on monocytes
from HIV-infected patients [31,32]. We found that mono-
cyte activation in CVID was not accompanied by significant
up-regulation of the inhibitory molecule PD-L1, which may
favour the deleterious impact of activated monocytes.

In addition, we showed that monocyte imbalances were
unrelated to plasma LPS levels in CVID patients, who appear
to have a relatively good preservation of the pathways
involved in LPS clearance, including anti-LPS antibodies
provided by the IgG replacement therapy, and normal levels
of LBP. Serum LBP quickly binds LPS molecules in circula-
tion [29]. LBP levels have been shown to increase in sepsis
associated with LPS-containing microorganisms (Gram-
negative bacteria) and in HIV infection [6,29], in which case
a direct correlation with the degree of microbial transloca-
tion, estimated by plasma LPS levels, has been reported [15].
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Furthermore, both LPS and LBP levels are increased in
inflammatory bowel disease, in correlation with disease
activity, and recover to normal levels following treatment
[40]. The fact that LBP levels were similar in healthy indi-
viduals and CVID patients, and that there was no increase in
plasma LPS, further suggests that the degree of microbial
translocation was not significant. Thus, our data raise the
possibility that IgG replacement therapy may provide suffi-
cient antibodies against LPS to control the putative increase
in microbial translocation. Longitudinal studies assessing
patients prior to and after commencing replacement therapy
with IgG will be of great relevance to understand its potential
role in regulating microbial translocation, which may have
implications in other clinical settings, such as HIV/acquired
immune deficiency syndrome (AIDS).

Additionally, we show that the expansion of
CD14""CD16* monocytes was particularly relevant in
CVID patients with autoimmunity and that the frequency of
this monocyte population was correlated directly with the
frequency of CD21°"CD38"" B cells. The expansion of this B
cell subset has also been associated with autoimmunity in
CVID [35], supporting a role for CD14**"CD16* monocytes
in the course of the disease. We should point out that our
CVID cohort presents an unusually high frequency of
autoimmune manifestations, probably related to a reference
bias associated with an immunology department in a central
hospital.

Although several studies have acknowledged the relevance
of immune activation in CVID pathophysiology, little is
known about what drives and sustains it, and whether it is
related to the increased frequency of infections or to altered
response to pathogens. Our data are in agreement with a
possible multi-factorial event impacting on several compart-
ments of the immune system. Irrespective of the monocyte
alterations that we describe contributing to the inflamma-
tory process itself or being a marker of underlying inflam-
mation, our finding of major monocyte imbalances in
particular subgroups of CVID patients may help in defining
new lines of investigation.

In conclusion, our data show that CVID was associated
with monocyte alterations that correlated directly with T cell
activation markers and with B cell imbalances, without a
relationship to plasma LPS levels, supporting a potential
clinical relevance of therapeutic strategies targeting mono-
cytes to control the inflammatory manifestations in CVID
patients.
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