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Glycosylation of CD45RB (RB+) has recently been identified to mark antigen-experienced
B cells, independent of their CD27 expression. By using a novel combination of markers
including CD45RB glycosylation, CD27 and IgM/IgD isotype expression we segregated
human peripheral blood B cell subsets and investigated their IGHV repertoire and in vitro
functionality. We observed distinct maturation stages for CD27-RB+ cells, defined by
differential expression of non-switched Ig isotypes. CD27-RB+ cells, which only express
IgM, were more matured in terms of Ig gene mutation levels and function as compared to
CD27-RB+ cells that express both IgM and IgD or cells that were CD27-RB-. Moreover,
CD27-RB+IgM+ cells already showed remarkable rigidity in IgM isotype commitment,
different from CD27-RB+IgMD+ and CD27-RB- cells that still demonstrated great
plasticity in B cell fate decision. Thus, glycosylation of CD45RB is indicative for antigen-
primed B cells, which are, dependent on the Ig isotype, functionally distinct.

Keywords: CD45RB glycosylation, CD27, B cell subset heterogeneity, naive B cells, memory B cells
INTRODUCTION

B cell development and the formation of a highly diverse pool of long-lived antibody-secreting cells
and memory B cells is crucial for the humoral immune response and lasting immunological memory.
During the course of an immune response, the immunoglobulin (Ig) gene is changed by the process of
somatic hypermutation (SHM), class switch recombination (CSR), and selection in response to
antigen stimulation. Hypermutated and class-switched Ig genes are a characteristic of memory B cells
along with the loss of IgD expression. Gain of CD27 expression, often combined with absent IgD
expression, is commonly used to discriminate human memory B cells from naive B cells. However, a
substantial proportion of CD27- B cells in healthy adults displays mutated and isotype-switched Ig
genes like memory B cells (1–3), which disputes the feasibility of using CD27 as a truly discriminative
memory marker. Mutated CD27- cells are present at birth (4) and account for 5% of the peripheral
blood B cell population in healthy adults (1). The function of these putative CD27- memory cells and
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their relationship to CD27+ cells is not well understood but
increased frequencies have been observed during aging (5), in
autoimmunity (6) and several viral infections (7, 8). The lack of
markers to distinguish naive B cells from memory B cells resulted
in novel strategies for B cell classification using phenotypical
differences in addition to CD27 and Ig isotype (9). Several
studies identified changes in site-specific O-linked glycosylation
of CD45RB during human B cell differentiation in various
secondary lymphoid organs and blood (10–14). This glycan-
dependent CD45RB epitope can be detected using the mAb
MEM-55 and within human peripheral blood, glycosylation of
CD45RB (RB+) was absent on naive B cells, but highly expressed
on CD27+ cells and on a small fraction of switched and non-
switched CD27- B cells (10). Next-generation sequencing of the Ig
heavy chain variable (IGHV) genes revealed that these CD27-RB+
cells displayed intermediate levels of somatic mutations, higher
than CD27-RB- but lower than CD27+RB+ cells (1, 14),
suggesting that these B cells are antigen-primed and no longer
naive. On the other hand, these CD27-RB+ cells, with high IgM
levels, were found with increased frequencies in young children
and early after hematopoietic stem cell transplantation (HSCT)
(11), suggesting an immature rather than memory stage. Thus,
CD45RB glycosylation, in combination with CD27 expression and
Ig isotype, may serve as an additional marker to improve
classification of human naive and memory B cells. Here, we
investigated human peripheral blood B cell subsets segregated by
CD45RB glycosylation, CD27 and IgM/IgD isotype expression
and studied their IGHV repertoire and in vitro functionality.
MATERIALS AND METHODS

Human B Cell Isolation
Buffy coats were obtained from anonymized adult healthy donors
with written informed consent in accordance to the guidelines
established by the Sanquin Medical Ethical Committee and in line
with the Declaration of Helsinki. Human peripheral blood
mononucleated cells (PBMCs) were isolated from buffy coats
using Ficoll gradient centrifugation (lymphoprep; Axis-Shield
PoC AS) and CD19+ cells were isolated by positive selection
using magnetic Dynabeads (Invitrogen).

FACS Sorting
Cryopreserved CD19+ cells were surface stained in PBA (PBS
supplemented with 0.1% bovine serum albumin) for 30 min at 4°C
and washed in PBA. A LIVE/DEAD cell staining (ThermoFisher
scientific) was used to label and exclude non-viable cells. B cells were
gated as singlet, viable, CD19+ cells and were segregated further into
six subsets using surface marker expression of: CD27, CD38,
CD45RB glycosylation, IgD, IgM, IgG, and IgA. Subsets were
FACS-sorted (FACS Aria III, BD Biosciences) into RTL buffer
(Sigma-Aldrich) for next-generation sequencing or in PBA for in
vitro stimulation assays.

Antibodies
CD19+ cells were surface stained using the following antibodies: anti-
CD19 (clone SJ25C1, 562947), anti-CD38 (clone HB7, 646851),
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anti-IgD (clone IA6, 2561315), anti-IgM (clone G20-127, 562977)
from BD Biosciences. Anti-IgG (MH16-1, M1268) from Sanquin
Reagents. Anti-IgA (polyclonal, 2050-09) from SouthernBiotech.
Anti-CD27 (clone O323, 25-0279-42) from ThermoFisher. Anti-
CD45RB (clone MEM-55, 310205) from Biolegend.

Immune Repertoire Sequencing
5000 B cells were sorted per subset per donor (n = 3), lysed and
gDNA was extracted according to the manufacturer’s instructions
(Qiagen). IgH rearrangements were amplified in a multiplex PCR
using forward primers VH1-6 FR1 (BIOMED-2) and JH consensus
reverse primers with a Molecular Identifier (MID)-tag. A total of
40 PCR cycles were performed and a heat stable polymerase with
proof-reading activity was used (AmpliTaq Gold DNA
polymerase, Thermo Fisher). Equal quantities of PCR products
were pooled and purified by gel extraction (MinElute gel
extraction kit, Qiagen) and Agencourt AMPure XP beads
(Backman Coulter) and quantified by fluorescence using the
Qubit 2.0 Fluorometer (Invitrogen). Sequencing was performed
using a Illumina Miseq run in standard mode using a v3 kit.

Repertoire and Mutation Analysis
Reads retrieved from the sequencing platform were processed
using pRESTO (15). Briefly, paired-ends reads were assembled
using the AssemblePairs.py function and assembled reads with a
phred score < 25 were removed. VH, JH primers and MID-tags
were annotated and masked using the MaskPrimers.py function.
Obtained datasets were then submitted to IMGT/HighV-QUEST
(16, 17) for alignment. Aligned sequences were further processed
using Change-O (18). Output of the IMGT/HighV-QUEST was
parsed using the MakeDb.py function (18) and only functional
rearrangements were selected. Analysis of somatic hypermutation
was performed using the SHazaM R package (version 0.2.1) after
germline sequence reconstruction using the CreateGermlines.py
function from Change-O. All data here presented are performed
on a final dataset of unique nucleotidic sequences (spacing from
the IGHV to the IGHJ gene, primers excluded). Due to the lack of
unique molecular identifiers (UMIs) in the amplification protocol,
it was not possible to properly correct for technical artifacts such
as PCR and sequencing errors. Therefore, we removed reads that
occurred only once (singletons) with the assumption that technical
artifacts occur randomly and independently of each sample’s
origin and are therefore equally distributed in all analyzed
samples. Information on the total and unique rearrangements
per sample, before and after singletons exclusion, and IGHV and
IGHJ gene representation is reported in Supplementary Table 1.
Raw sequencing data have been deposited at NCBI Sequence Read
Archive (BioProject: PRJNA816414) and processed repertoires are
available upon request to the corresponding author.

In Vitro Stimulation Assays
T cell dependent (TD) stimulation assays. 96- well flat-bottom
plates were seeded with 0.01x106 irradiated 3T3 fibroblast cells
expressing human CD40L per well in B cell medium (RPMI
medium supplemented with FCS (5%, Bodinco), penicillin (100
U/mL, Invitrogen), streptomycin (100 mg/mL, Invitrogen),
b-mercaptoethanol (50 mM, Sigma-Aldrich), L-glutamine
April 2022 | Volume 13 | Article 891316
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(2mM, Invitrogen), and human apo-transferrin [20 mg/mL,
Sigma-Aldrich] depleted for IgG using protein A sepharose
(GE Healthcare)) and adhered overnight. The generation of
CD40L expressing fibroblasts is described elsewhere (19). The
next day, B cell medium supplemented with recombinant human
IL-21 (50ng/ml, Preprotech) or IL-21 and IL-4 (50ng/ml and
25ng/ml, Preprotech) was added to the seeded 3T3-CD40L cells.
B cell subsets (Figure 2A) were directly sorted into the plates in a
density of 250 cells/well. After ten days of culture, survival,
isotype switching, differentiation and Ig secretion was assessed
using flow cytometry and ELISA.

T cell independent (TI) stimulation assays. 96- well flat-
bottom plates were seeded with 10.000 B cells from each subset
per well supplemented with either 0.1mM CpG ODN (In
vivogen) or 1mM R848 (In vivogen), in the presence of 1mg/ml
anti-IgM F(ab’)2 (JacksonImmunoResearch). After seven days of
culture B cell survival, isotype switching, differentiation and Ig
secretion were assessed using flow cytometry and ELISA.

IgM, IgG, and IgA ELISA of Culture
Supernatants
IgM, IgG, and IgA expression levels were measured as described
previously (19). In brief, 96-well maxisorb plates were coated with
monoclonal anti-IgM, anti-IgG, or anti-IgA (2mg/mlMH15-1, 2mg/
ml MH16-1, or 1mg/ml MH14-01-M08, Sanquin reagents) and
culture supernatants were incubated for 1h. Secreted IgM, IgG, or
IgA was detected using HRP-conjugated mouse anti-human IgM,
IgG,or IgA(1mg/mlMH15-1,1mg/mlMH16-1,or1mg/mlMH14-1,
Sanquin reagents) in HPE (Sanquin reagents). The ELISA was
developed using TMB substrate, stopped by addition of 0.2M
H2SO4 and absorbance was measured at 450 and 540 nm. OD
values were normalized to values of a reference serumpool that was
included in each plate. To properly determine IgM production, in
vitro stimulation assays described above,were also performed in the
absence of anti-IgM F(ab’)2 as this compound interferes with the
IgM ELISA resulting in an incomplete picture of the IgM
production. Of note, the presence of anti-IgM F(ab’)2 may alter
IgM production during culture.

Statistical Analysis
Differences between groups were analyzed using a Friedman
analysis of variance for non-parametric repeated measures
followed by a Dunn’s multiple comparison test. A p value <0.05
was considered significant. The statistical analysis was carried out
using GraphPad Prism 9.1.1.
RESULTS

B Cell Subsets Separated Based on
CD45RB Glycosylation and CD27
Expression Feature Differential Ig
Isotype Usage
Human peripheral blood CD19+CD38lo B cells (Figure S1A, pre-
gating strategy) can be segregated into four populations based on
their CD45RB glycosylation (RB) and CD27 expression levels
(Figure 1A). The CD27-RB- (55%) and CD27+RB+ (28%)
Frontiers in Immunology | www.frontiersin.org 3
populations are more prevalent compared to CD27-RB+ (9.5%)
and CD27+RB- (7%) (Figure 1B). Within these populations
differential Ig isotype usage was observed, with CD27+ cells
enriched for IgG and IgA and CD27- cells mostly being IgM+
and/or IgD+ (Figure1C).WithinCD27+populations, the Ig isotype
usage was quite similar, despite cells being RB+ or RB-. By contrast,
within CD27- populations, there was an increased prevalence of all
IgD- subsets within the RB+ population. By isotype-specific gating
around 13% of the CD19+ cells were left unannotated, in line with a
recent study (14). These cells are notmislabeled IgE+ B cells as these
are extremely rare in healthy peripheral blood (20). The Iglo cells
were found across all four populations and likely represent amixture
of isotypes found on cells that recently underwent class-switching.
Thus, the CD27-RB+ population features more isotype-switched
cells than the CD27-RB- population, a difference not observed
within CD27+ populations.

CD45RB Glycosylation Marks Antigen-
Primed B Cells Independent of
CD27 Expression
To refine discrimination of CD27/RB populations we included Ig
isotype expression for enhanced characterization. In the current
study we focused on characterizing the non-isotype switched (IgM
and IgD)B cells but excludedCD27-IgD+IgM-B cells that represent
a population of anergic B cells that recognize self-antigens (21–23).
Based on the expression of CD27, CD45RB glycosylation and IgM
and IgD we discriminated four CD27- populations (Figure 2A,
Figure S1B): CD27-RB-IgM+IgD+ [IgMD+RB-], CD27-RB-IgM+
IgD- [IgM+RB-], CD27-RB+IgM+IgD+ [IgMD+RB+], and CD27-
RB+IgM+IgD- [IgM+RB+]. In addition, two CD27+RB+
populations were included: IgM+IgD- memory B cells [IgMmem]
and isotype-switched memory B cells [IgG/Amem]. Subset
classifications are depicted (table, Figure 2A). All subsets were
gated on being CD38lo to exclude CD38+ transitional B cells and
CD38+ ASCs. Combined the CD27- subsets make up ~30% of the
adult human peripheral blood B cell population with the largest
fractionbeing IgMD+RB- cells (n = 7,Figure 2B). To investigate the
levels of somatic hypermutation in the six different subsets we
performed next-generation sequencing of IGHV genes (n = 3).
We observed increased somatic mutations in VH-regions of both
memory B cell subsets (IgMmem and IgG/Amem), in line with
previous studies (24, 25). VH-mutations were virtually absent for
IgMD+RB- cells and not significantly increased for both IgM+RB-
and IgMD+RB+ subsets compared to IgMD+RB- cells (Figure 2C).
Remarkably, IgM+RB+ cells had comparable mutation counts as
IgMmem, but less than IgG/Amem. Similar results were observed
when analyzing the entire cumulative distribution of mutations in
the Ig repertoire (Figure 2D). In addition, IgM+RB+ cells displayed
a reduction in VH-CDR3 length (25, 26), also similar to IgMmem
(Figure2E). Taken together, IgM+RB+cells showcharacteristic that
associate with being antigen-primed despite being CD27-.

CD45RB Glycosylation, Combined With Ig
Isotype, Identifies Functionally Distinct
B Cell Subsets
Apart from expression of mutated VH genes, memory B cells can be
distinguished from naive B cells by more efficient proliferation and
April 2022 | Volume 13 | Article 891316
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differentiation into antibody-secreting cells (ASCs) upon
stimulation (26, 27). Given that the IgM+RB+ subset carried
somatic mutations they may also functionally resemble memory B
cells. Therefore, we studied their in vitro functionality, and of the
other CD27- subsets, using T cell-dependent (TD) and
-independent (TI) stimulation and analyzed survival,
differentiation and isotype-switching potential.

The six B cell subsets were cell-sorted and cultured on CD40L-
expressing cells in the presence of IL-21 for 10 days. Survival and/or
proliferation was similar for most subsets (Figure S2A). Compared
to IgMD+RB- cells, IgM+RB+ cells showed increased differentiation
towards activated and/or memory-like B cells (MBCs,
CD27+CD38-, Figures 3A, B). Within IgMmem and IgG/Amem
populations, that were sorted as being CD27+, we observed
downregulation of CD27 expression, a phenomenon previously
observed by others upon in vitro culture of memory B cells (28, 29).
Interestingly, IgM+RB+ cells, but not IgMD+RB+ cells, had poor
IgG switching potential, a feature shared with IgMmem
(Figure 3C). The addition of IL-4, a TD cytokine known to
enhance isotype switch to IgG, had limited additional effects and
did not alleviate the reduced IgG switch observed for IgM+RB+ cells
(Figures S2B–F). Furthermore, the IgM+RB+ subset showed
increased differentiation into functional ASCs (CD27+CD38+,
Figures 3A, D, E and Figure S2G), however, this was less in
comparison to IgG/Amem. IgMD+RB+ cells, although not
significant, did show a trend in increased MBC and ASC
formation compared to IgMD+RB- and IgM+RB- cells, but less
in comparison to IgM+RB+ cells (Figures 3B, D, E). Differentiation
of B cells also occurs during T cell-independent (TI) immune
responses that generally results in the formation of ASCs that
secrete low-affinity IgM antibodies (30). Since IgM+RB+ cells
showed reduced isotype switch to IgG upon in vitro TD
stimulation we studied their functionality, and of the other CD27-
subsets, upon in vitro TI stimulation. After 7 days of TI stimulation
with CpG ODN (TLR9 activator) and anti-IgM, IgM+RB+ and
IgMD+RB+ subsets, but not IgM+RB- and IgMD+RB- subsets,
were able to differentiate into memory-like B cells (Figure 3F),
albeit, much less when compared to TD stimulation. Furthermore,
Frontiers in Immunology | www.frontiersin.org 4
IgM+RB+ and IgMD+RB+ subsets showed a trend towards
increased differentiation into functional ASCs as was observed for
IgMmem and IgG/Amem, albeit to various degrees (Figures 3G,
S3A), and with limited isotype switching (Figure S3B). Subsets
responded in a similar fashion when stimulated with R848 (TLR7/
TLR8 agonist) and anti-IgM for 7 days (Figure S4). Thus, different
from IgMD+RB+, IgM+RB- and IgMD+RB- subsets, IgM+RB+
cells showed a higher propensity for MBC differentiation with an
IgM isotype commitment.
DISCUSSION

Here, by using a novel combination of markers including
CD45RB glycosylation, CD27 and IgM/IgD isotype expression
we segregated human peripheral blood B cell subsets and
investigated their IGHV repertoire and in vitro functionality.
Table 1 summarizes for each of the studied B cell subset their VH

mutation status and in vitro functionality.
IgMD+ RB- cells displayed virtually absent levels of somatic

hypermutation, indicating that this population corresponds to
“classical” naive B cells. IgM+RB- and IgMD+RB+ cells were both
in repertoire and in vitro functionality similar to IgMD+RB- cells.
Because IgM+RB- cells were gated on being CD38lo we do not
assume that they represent human T1 B cells that are often
characterized by a CD24hiCD38hi phenotype (31). Circulating
IgM+RB+ cells carried mutated VH genes and reduced CDR3
length which implies previous antigen-priming. This suggests that
these cells are at a later stage of development with regards to affinity
maturation as compared to the other CD27- subsets. In line, IgM+
RB+ cells also showed improved ability to develop into functional
ASCs using TI and TD in vitro stimulations. IgMD+RB+ cells,
although not significant and less in comparison to IgM+RB+, did
show a trend in increased MBC and ASC formation compared to
IgMD+RB- and IgM+RB- cells. Thesedata indicate thatCD27-RB+
populations fall within the continuum of naive B cells that
progress towards memory B cells and ASCs and do not represent
A B C

FIGURE 1 | B cells within subsets separated based on CD45RB glycosylation and CD27 expression feature differential Ig isotype usage. (A) Representative biaxial
CD45RB/CD27 plot gated from singlet viable CD19+CD38lo cells (Figure S1A). (B) Percent of B cells in each quadrant, as in (A), for seven biological replicates
(healthy adults) each composed of two technical replicates over three independent experiments. (C) Ig-isotype usage per quadrant. ND, not determined. Black lines
depict mean values. Statistical differences were determined using a Friedman analysis of variance and Dunn’s multiple comparison test. *p < 0.05, **p < 0.01.
April 2022 | Volume 13 | Article 891316
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a population of exhausted memory B cells with downregulated
CD27, as was proposed previously (5). In addition, the absence of
CD45RB glycosylation to define ‘true’ human naive B cells may
advance current strategies using CD27 and IgD. Even though using
the glycosylation epitope on CD45RB helps to identify antigen-
primedB cells amongCD27- cell, there is, however, a population of
CD27+ cells, presumed memory B cells, that are RB-, meaning
that glycosylation of CD45RB does not mark all antigen primed
B cells.
Frontiers in Immunology | www.frontiersin.org 5
We show that IgM+RB+ cells have properties in common with
CD27+IgM+IgD-RB+ cells (IgMmem). IgM+RB+ cells seem to
have an early lineage commitment to the IgM isotype as they
showed reduced ability to isotype-switch to IgG, similar to
IgMmem but in steep contrast to the other CD27- subsets.
Moreover, CD27 expression was higher on IgM+RB+ cells after
10 days of TD culture compared to the other CD27- subsets which
shows that with the same level of stimulation these cells had
enhanced capacity to differentiate towards a memory phenotype.
A

B

D

C E

FIGURE 2 | CD45RB glycosylation marks antigen-primed B cells independent of CD27 expression. (A) Representative gating strategy for cell-sorting B cell subsets from
healthy donor peripheral blood CD19+ pre-isolated B cells by flow cytometry. Gated from singlet viable CD19+ cells (Figure S1B). Table shows the classification of subsets.
(B) Frequency of subsets within CD19+ cells, for seven biological replicates each composed of two technical replicates over three independent experiments. (C) Mean number
of mutations per Ig gene (healthy adults, n = 3) and (D) Cumulative frequency distribution of mutations in the Ig repertoire in the different B cell subsets. Different colored lines
represent different donors. (E) mean VH-CDR3 length from cell-sorted B cell subsets (healthy adults, n = 3). Bars and black lines depict mean values. Statistical differences
were determined using a Friedman analysis of variance and Dunn’s multiple comparison test. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
April 2022 | Volume 13 | Article 891316
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IgM memory B cells are important for the generation of a broadly
cross-reactive memory repertoire with lower affinity BCRs to
protect against a plethora of pathogens and their variants
(32–34). The early lineage commitment of IgM+RB+ cells to the
IgM isotype might represent a mechanism to ensure
replenishment of the IgM memory pool for lasting B cell
immunity. In contrast, the efficient IgG isotype-switching seen
for IgMD+RB+ cells suggests this subset has more plasticity in B
cell fate decision. Thus, within RB+ cells, differential expression of
IgM and IgD, discriminates two functionally distinct B cell subsets.
In line, for CD27+RB+ subsets, only IgG/Amem, but not
Frontiers in Immunology | www.frontiersin.org 6
IgMmem, outperformed both CD27-RB+ subsets in ASC
differentiation. This suggest that expression of just CD27 or
CD45RB glycosylation upon B cell activation is not indicative
for enhanced ASC differentiation, but also relies on the Ig isotype.
The notion that the Ig isotype imprints the subsequent fate of the
B cell upon recall responses is consistent with data obtained from
mouse and human in vitro models indicating that in general the
IgM memory B cells re-entered germinal centers to undergo
multiple rounds of expansion, somatic hypermutation and
selection, whereas IgG memory B cells preferentially
differentiated into ASCs (35–37).
A B DC

E F G

FIGURE 3 | CD45RB glycosylation, combined with Ig isotype, marks functionally distinct B cell subsets. B cell subsets were cultured with TD-stimulation of CD40L-
expressing 3T3s in the presence of IL-21 (50ng/ml) for 10 days (six biological replicates each consisting of two technical replicates over two independent experiments).
(A) Representative biaxial CD27/CD38 FACS plot after 10 days of TD culture. The formation of (B) MBCs (CD27+CD38-) (C) IgG+ B cells, and (D) ASCs (CD27+CD38+)
was measured using flow cytometry. (E) Cumulative IgM secretion measured in culture supernatants using ELISA at day 10 (n = 6). B cell subsets were cultured with TI-
stimulation of CpG ODN (0.1mM) and anti-IgM-F(ab’)2 (1mg/ml) for 7 days (four biological replicates each consisting of two technical replicates). The formation of (F) MBCs
and (G) ASCs was measured using flow cytometry. Black lines depict mean values. Statistical differences were determined using a Friedman analysis of variance and
Dunn’s multiple comparison test. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
TABLE 1 | Summary of B cell subset discriminating factors.

B cell subset VH mutations MBC TD-stim. IgG+ TD-stim. IgM secr. TD-stim. MBC TI-stim.

IgMD+RB- low - + +/- -
IgM+RB- low - + +/- -
IgMD+RB+ low - + + -
IgM+RB+ int + - + -
IgMmem int + - + +
IgG/Amem high + + - +
April 2022 | Volume 13 |
MBC, memory B cell differentiation; TD, T cell-dependent; TI, T cell-independent.
+, good response; -, poor response..
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In this study we did not analyze memory subsets with
differential expression of IgM and IgD and only included the
CD27+IgM+IgD-RB+ subset (IgMmem). For CD27+IgM+IgD+
cells it has been described that they have fewer VH-gene
mutation than CD27+IgM+IgD- and class-switched CD27+
cells but more mutations than naive (CD27-IgM+IgD+) and
CD27+IgM-IgD+ cells (38). CD27+IgM-IgD+ cells only make
up a small fraction of CD27+ cells (7.5%, Figure 1C). Within
CD27+RB+ cells, CD27+IgM+IgD+ cells make up around 25%
cells and are present to a lesser degree within the CD27+RB-
population (16%, Figure 1C). Whether, the presence or absence
of glycosylated CD45RB on CD27+ cells with differential IgM
and IgD expression impacts the level of detectible VH-gene
mutations and in vitro functionality remains unclear.

Previous studies reported increased frequencies of CD27-RB+
cells that expressed high levels of IgM in young children and
early after hematopoietic stem cell transplantation (11).
Unfortunately, the dual IgM/IgD expression on these cells was
not determined. Therefore, we cannot assign with certainty
whether these are CD27-IgM+RB+ or the CD27-IgMD+RB+
cells. As these cells have increased frequency in children it may
be more likely that these are the CD27-IgMD+RB+ cells
described here that have fewer mutations and showed a naive-
like behavior. However, cord blood and fetal tissues also
accommodate a small population of mutated CD27+IgM+IgD+
B cells (39, 40). These subsets may represent a first-line defense
mechanism that respond rapidly upon both TD and
TI activation.

The findings presented here provide novel insights in the
phenotypic and functional progression from naive B cells via
CD27-RB+ cells to memory B cells in human peripheral blood.
In conclusion, glycosylation of CD45RB is indicative for antigen-
primed B cells, which are, dependent on the Ig isotype,
functionally distinct.
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