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Circulating phenotypic B-1 cells are decreased in common variable
immunodeficiency and correlate with immunoglobulin M levels
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Introduction

Summary

B-1 cells are innate-like lymphocytes characterized by spontaneous produc-
tion of ‘natural’ polyspecific antibodies, often of self-specificity, and thought
to be responsible for tissue homeostasis, mucosal protection, maintaining
resting serum immunoglobulin (Ig)M levels and for early immunoglobulin
production following infection. Although defined most clearly in mice, a
human B-1 cell counterpart, defined by the phenotype CD19 or 20*CD27*
CD43*CD69 or 707, has been proposed recently, facilitating a study of their
role in human humoral immunodeficiencies, such as common variable
immunodeficiency (CVID). This study examined circulating B-1 cells in 27
CVID patients in comparison to age-matched controls (1 = 28). Phenotypic
putative B-1 cell proportions varied widely, but there was an overall 60-70%
decrease in CVID (0-039 % 0-033% of lymphocytes, mean * standard devia-
tion) compared with controls (0-110 £ 0-159% of lymphocytes, P =0-0012).
This decrease was, however, explained largely by concomitant loss of total
CD27" memory B cells characteristic of CVID, although those with higher
memory B cell proportions appeared to show a true decrease. No age-related
effects were apparent in B-1 cell proportions. However, among CVID
patients, there was a strong positive correlation between the B-1 cell propor-
tion and serum IgM levels, a relationship that was not evident for IgA, nor
was there a relationship between memory B cell proportions and serum IgM.
Patients with CVID have fewer circulating putative phenotypic B-1 cells,
which largely reflected the overall decrease in memory B cells. However,
B-1 cell proportions correlated with resting serum IgM levels, suggesting a
possible role in IgM deficiency in CVID.
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a preferential serosal localization; (ii) expression of a
restricted variable region surface immunoglobulin reper-

Conventional B cells (B-2 cells) are produced from bone
marrow precursors to migrate to the peripheral lymphoid
tissue where they are able to bind foreign antigen and,
after receiving T cell-derived co-stimulatory signals and
cytokines, differentiate into memory B cells and antibody-
forming cells, the latter comprising mainly bone marrow-
resident plasma cells. However, in mice, a primordial type of
innate-like B cell termed the ‘B-1 cell, which arises early
in embryonic development, has been defined, differing
from conventional B cells in a number of key ways: (i)

toire; (iii) self-renewal capacity; (iv) spontaneous produc-
tion of immunoglobulin (Ig)M and generation of resting
serum IgM concentrations; and (v) production of low-
affinity polyreactive antibodies with autoantigen specificity,
which cross-react with microbial antigens [1]. The majority
also express the T cell marker CD5 (B-1a cells), although
some do not (B-1b cells). Functionally, they appear to be
important for tissue homeostasis, where the self-specificity
of secreted IgM assists in clearance of apoptotic cell debris,
but they also respond to pathogens following stimulation of
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innate pattern-recognition receptors to produce polyspe-
cific IgM and IgA (at mucosal surfaces), which could play a
role in immune defence [1].

The existence of this population in humans has been
debated, but recently B lineage cells from cord and periph-
eral blood expressing the phenotype CD27CD43*CD70~
had many characteristic features of B-1 cells, including
spontaneous IgM secretion, efficient T cell stimulation and
tonic intracellular signalling [2], potentially enabling, for
the first time, assessment of this cellular subset in patients
with immunodeficiency. A number of human immunodefi-
ciency conditions are characterized by B cell abnormalities,
from complete absence in conditions such as in X-linked
agammaglobulinaemia to more subtle perturbations in B or
T cell biology which affect the B cell’s ultimate ability to dif-
ferentiate appropriately into antibody-forming cells. The
most common such condition to require treatment with
replacement immunoglobulin is common variable immu-
nodeficiency (CVID), a heterogeneous group of conditions
whose pathogenesis is poorly understood but which have
the unifying feature of failure of total immunoglobulin pro-
duction, resulting in recurrent sinopulmonary and, to a
lesser extent, gastrointestinal infections, often accompanied
by inflammatory and autoimmune complications [3,4].
Genetic explanations are present in a small minority of
patients, while in most the pathogenesis is unknown. Given
the possible role of B-1 cells in host defence and the facility
to detect them phenotypically, we examined this cellular
subset in patients with CVID.

Methods

Twenty-seven adult CVID patients (16 female, 11 male;
aged 27-74 years, median 53) were enrolled from immunol-
ogy out-patient clinics of Westmead Hospital, Sydney, a
major teaching hospital of the University of Sydney. The
diagnosis of CVID was based on a history of respiratory,
gastrointestinal or skin infections, a serum IgG below
normal range (<7g/l) and the exclusion of secondary
causes of hypogammaglobulinaemia. Pneumococcal vacci-
nation responses were measured in very few of our patients,
and could not be used either as a diagnostic criterion or in
analysis. All patients were receiving regular intravenous
immunoglobulin (IVIG) infusions. Only one (female)
patient had a peripheral B cell proportion of less than 1%
(0-74%). Twenty-eight (12 female, 16 male) age-matched
(30-62 years, median 52) Sydney residents were included as
controls. All patients and controls gave informed consent
and the study was approved by the Ethics Committee,
Western Sydney Local Health District.

Peripheral blood was collected in lithium heparin, in
the case of CVID patients timed to immediately precede
the IVIG infusion. Whole blood was lysed at room tempera-
ture using ammonium chloride lysing solution (Kinetik,
Queensland, Australia) and stained for 10 min with
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the following antibodies: CD27-phycoerythrin (PE) (clone
1A4CD27; Immunotech, Marseille, France), CDI9-
peridinin chlorophyll-cyanin 5:5 (PerCP-Cy5-5) (clone
SJ25C1; BD Bioscience, CA, USA), CD43-allophycocyanin
(APC) (clone 1G10; BD Pharmingen, CA, USA) and CD69-
fluorescein isothiocyanate (FITC) (clone L78; BD Bio-
science), the latter chosen over CD70 due to ready supply,
and its equivalence as an activation marker [2]. CD19 was
used to mark B cells, given its equivalence to CD20 in
marking peripheral blood B cells, and given the supplemen-
tary data presented in Griffen et al. demonstrating universal
expression by putative B-1 cells [2]. Samples were acquired
on a fluorescence activated cell sorter (FACS) Calibur flow
cytometer (BD Biosciences Pharmingen) within 24 h of
processing, and listmode data analysed using Cellquest soft-
ware (BD Biosciences Pharmingen). Typically, between 5000
and 10 000 (median 8400) B cell events were collected; three
patients had fewer events due to low B cell proportions.
Lymphocyte counts were obtained via the ADVIA120 hae-
matology system (Siemens, NY, USA).

Statistics were performed using GraphPad Prism for
Macintosh (GraphPad Software, La Jolla, CA, USA). The
Mann—-Whitney U-test analysed the mean difference
between continuous variables, with P-values below 0-05
considered significant. Linear regression analysis was used
to examine the relationship between B-1 cells and IgM.

Results

Human phenotypic B-1 cells are reduced in CVID

Blood cells were stained for CD19, CD27, CD43 and CD69
and analysed as illustrated in Fig. 1. Cells expressing the B-1
phenotype (CD19*CD27*CD43*CD69") constituted a small
but distinct population, which could be readily quantified.
These cells were relatively rare in the peripheral blood
of controls, comprising 0-11 * 0-16% [mean * standard
deviation (s.d.)] of lymphocytes (1-2 = 1-9% of B cells),
and varied widely between individuals (Fig.2a). Pheno-
typic B-1 cell proportions in CVID patients also varied
widely, but there was an approximate two-thirds reduction
in frequency, with B-1 cells constituting on average
0:039 = 0-033% of lymphocytes (0:66% of B cells) (P=
0-0012 for proportion of lymphocytes, P = 0-018 for B cells)
(Fig. 2a). This difference was noted throughout the adult
age range (Fig. 2b) without the age-related changes in B-1
cell proportions reported previously [2], either when the
B-1 cell population was expressed as a percentage of lym-
phocytes (Fig. 2b) or of memory B cells (data not shown).

The reduction in phenotypic B-1 cell proportions in
CVID patients was related largely to loss of total
memory B cells

Because memory B cells are often defined by expression of
CD27 [5], B-1 cells as defined by Griffin et al. [2] could be
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Fig. 1. Gating strategy for detection of putative B-1 cells in a representative control (upper plots) and a common variable immunodeficiency
(CVID) patient (lower plots). The gate for each column is shown. Initial gating was on lymphocytes by light scatter characteristics. CD27*CD43*
plots were gated on CD19* (second column) lymphocyte events, and cellular proportion determined. Finally, CD19*CD27*CD43" cells staining
positive for CD69 (very few events) were excluded. The CD27" memory B cell compartment was calculated by gating on lymphocytes, as shown
(far right).

normal or higher memory B cell proportions did seem to
show a true decrease in B-1 cell proportions, although the
numbers were relatively small (Fig. 2d).

seen simply as a subset of memory B cells, known to be
reduced in most CVID patients. We therefore sought to
determine whether the reduction in B-1 cells simply repre-
sented a reduction in total CD27" B cells or were regulated
independently. In support of the former hypothesis we
found that B-1 cells, when expressed as a proportion of
memory B cells, did not differ between CVID patients and
controls (Fig. 2¢). Further, B-1 cell proportions also seemed
similar to controls when expressed as a function of total
memory B cell proportions (Fig. 2d). Conversely, those with

B-1 cell proportions show a strong correlation with
IgM levels

Given the role of B-1 cells in ‘natural’ IgM production [6],
we next examined whether there was any relationship
between circulating B-1 cell proportions and serum IgM
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Fig. 3. Relationship to most recent serum immunoglobulin (Ig)M
level (a) and IgA (b) against the proportion of putative B-1 cells, with
linear regression line as shown (note logarithmic scale).

levels, taken within the preceding 3 months. We found a
strong positive correlation (Fig. 3a) (P < 0-0001), a relation-
ship that was not apparent with IgA (Fig. 3b) or between
circulating total memory B cell proportions and IgM (data
not shown).

Discussion

A number of cellular perturbations have been described
which might contribute to pathogenesis of CVID, or its
complications [7]. The most frequent is the finding of
reduction in isotype-switched and total memory B cell
subsets in the majority of patients [8—10], which can be pre-
dictive of autoimmune and inflammatory complications,
particularly in patients who demonstrate accumulation of
CD21°CD38" B cells of an ‘anergic’ or ‘exhausted” phenotype
[9,11]. Other cellular abnormalities include loss of plas-
mablasts [10], decreased naive T cells [10,12], regulatory T
cells [13], invariant natural killer (iNK) T cells [14] and
Toll-like receptor (TLR) signalling defects [15,16]. The
plethora of cellular abnormalities, however, has failed

B-1 cells in CVID

to provide a unifying hypothesis for the final common
pathway, namely loss of B cell responses and resting serum
immunoglobulin concentrations, perhaps reflecting the
heterogeneity of the condition.

In this study we describe another lymphocyte abnor-
mality associated with CVID, namely paucity of putative
phenotypic B-1 cells (Fig. 1). Although we found a highly
significant reduction, firm conclusions must be tempered
by the phenotypic overlap with conventional (B-2) B cells
bearing a memory phenotype (CD27 expression), which are
known to be depleted in many patients with CVID. There-
fore, when expressed in relationship to total memory B
cells, there was no evident decrease (Fig. 2¢), with the possi-
ble exception of CVID patients with preserved or high
memory B cell proportions (Fig. 2d). In terms of possible
disease pathogenesis, these observations would suggest
either that the same (largely unknown) processes which
result in the lack of CD27* B-2 cells in CVID are also affect-
ing B-1 cells or, alternatively, that CD27*CD43"CD69~ B
cells are simply a subset of conventional memory B-2 cells
rather than a separate lineage, and are affected by a singular
pathogenesis in CVID. The latter view must be considered,
given the reservations by some of the veracity of the origi-
nal phenotypic description [17,18]. These papers have ques-
tioned the possibility that CD3* T cells might contaminate
the analysis gate and that the B-1 phenotype might repre-
sent doublets. We subsequently tested a subset of our cohort
(five controls, four CVID patients) for CD3 expression, and
found that only about 10% of B-1 cells co-expressed CD3.
Thus, although some T cells might be present in this gate,
the clear majority of cells are true singlet putative B-1 cells.
Interestingly, the T cell proportion appeared higher in those
CVID patients showing the greatest depletion of memory B
cells (and thus the fewest CD27" B cell events), suggesting
that those few contaminating T cells remained, while the
true phenotypic B-1 cells were lost. As this phenomenon
would act only to reduce differences between CVID and
controls, and as we found that the differences were never-
theless statistically significant, this noteworthy phenom-
enon should not affect the conclusions of this study.

Conversely, we made the novel observation of a strong
relationship between putative B-1 cells and serum IgM
levels (Fig. 3); potentially a highly relevant observation, as
in chimaeric mice 80% of the resting IgM was found to be
the product of B-1 cells [6]. In our study, correlation
seemed unique to B-1 cells and serum IgM levels, and was
not found with total memory B cells, nor did it apply to
resting serum IgA levels. To be relevant pathogenically
it implies some steady state relationship between circulat-
ing B-1 cells, their tissue localization and function, and
these variables remain largely unexplored. However,
the relationship between B-1 cells and serum IgM is entic-
ing, and while needing confirmation in larger cohorts may
give some pathogenic clues for at least one hitherto unex-
plained feature of the CVID phenotype, namely loss of IgM
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production. If supported, such findings could direct future
research endeavours towards understanding developmen-
tal pathways of B-1 cells in human immunobiology and
immunodeficiency.
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