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Summary 

Background: To study the role of human naïve B 

cells in antigen presentation and stimulation to 

naïve CD4
+
T cell, a suitable method to 

reproducibly isolate sufficient naïve B cells is 

required.  

Methods: To improve the purity of isolated naïve 

B cells obtained from a conventional one-step 

magnetic bead method, we added a rosetting step 

to enrich total B cell isolates from human whole 

blood samples prior to negative cell sorting by 

magnetic beads. The acquired naïve B cells were 

analyzed for phenotypes and for their role in 

Staphylococcal enterotoxin B (SEB) presentation 

to naïve CD4
+
T cells.  

Results: The mean (SD) naïve B cell 

(CD19+/CD27-) purity obtained from this two-

step method compared with the one-step method 

was 97% (1.0) versus 90% (1.2), respectively. 

This two-step method can be used with a sample 

of whole blood as small as 10 ml. The isolated 

naïve B cells were phenotypically at a resting 

state and were able to prime naïve CD4
+
T cell 

activation by Staphylococcal enterotoxin B (SEB) 

presentation.  

 

 

 

 

 

 

 

 

 

Conclusions: This two-step non-flow cytometry-

based approach improved the purity of isolated 

naïve B cells compared with conventional one-

step magnetic bead method. It also worked well 

with a small blood volume. In addition, this study 

showed that the isolated naïve B cells can present 

a super-antigen “SEB” to activate naïve CD4 

cells. These methods may thus be useful for 

further in vitro characterization of human naïve 

B cells and their roles as antigen presenting cells 

in various diseases. (Asian Pac J Allergy Immunol 

2012;30:214-23) 

Keywords: Naïve B cell, antigen presentation, naïve 

CD4
+
T cell, resetting, magnetic cell sorting, 

superantigen, staphylococcal enterotoxin B (SEB) 

Introduction 

Human naïve B cells are defined as mature B 

cells that have never been exposed to antigens. 

Ideally, the absence of immunoglobulin (Ig) genes’ 

somatic hypermutation (SHM) and isotype switching 

are considered as absolute markers to differentiate 

naïve B cells from memory B cells.
1
 Typically, 

naïve B cells can be differentiated from other B cell 

populations through their specific phenotypes. Early 

studies relied on IgD expression to identify naïve B 

cell (IgD
+
B cells).

1
 However, the use of IgD for the 

naïve B cells’ positive selection has a major 

disadvantage, as the engagement of the molecule 

could modulate the naïve B cell’s properties. In the 

early 1990s, as CD27 was discovered as a universal 

marker of human memory B cells (CD27
+
B cells).

2,3
 

This discovery thus allowed negative isolation of 

naïve B cells (CD27
-
B cells) from memory B cells 

(CD27
+
B cells), and this method is now commonly 

applied in most commercial isolation kits and flow 

cytometric sorting processes. 

Peripheral blood is a convenient sample source to 

study human immune cells, including naïve B cell. 

An example of a commercial kit generally applied 

for human naïve B cell isolation is the Naïve B cell 
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Isolation kit II (Miltenyi Biotec). The kit removes 

non-CD19
+
 and CD27

+
cells using a cocktail of 

specific antibodies and microbead labeling allowing 

negative naïve B cell isolation directly from 

peripheral blood mononuclear cells (PBMCs) by 

one-step cell depletion. Numerous studies exclusively 

followed this procedure for naïve B cell isolation.
4-13

 

However, various other combining methods have 

also been applied to achieve the isolation of such 

cells for different purposes. Typically, these 

combined methods consist of two major isolation 

steps, total B cell pre-enrichment and subsequent 

naïve B cell isolation. Enrichment of B cells could 

be achieved either through immune-magnetic beads 

(MACS
®
, Dynabeads

®
 and StemSep

®
) or rosetting 

with red blood cells (RBCs) (RosetteSep
®
).

14-19
 

Although the use of magnetic beads is claimed to 

provide highly enriched B cells with a purity 

(CD19
+
cells) of around 95-99%, the technique 

requires PBMC isolation prior to the enrichment 

step which extends the duration of the process and, 

consequently, increases the level of mortality. Flow 

cytometric cell-sorting of enriched total B cells 

theoretically should provide superior cell purity and 

the flexibility to simultaneously sort many cell 

populations of interest as compared to magnetic cell 

sorting. However the technique is not suitable as a 

routine method and not convenient for simulta-

neously isolation of cells from several samples. 

Moreover, the technique requires adequate cell 

marker labeling, expensive sorting machine and also 

expertise.  

Although it is well known that the priming of 

naïve T cells is mainly mediated by dendritic cells’ 

(DCs) antigen presentation, naïve B cells are also 

able to initiate T cell immunity as well.
20

 

Unfortunately, with the exception of numerous 

studies using mice, the contribution of human naïve 

B cells in antigen presentation to naïve CD4
+
T cells 

has been poorly characterized. This is probably due 

to some important limitations, including the low 

frequency of Ag-specific naïve CD4
+
T cells, the 

intrinsically high activation threshold of naïve T 

cell
21

 and the limited Ag processing/presentation 

properties of naïve B cells, themselves.
11

 

T cell bacterial super-antigens (BSAg) are 

microbial toxins capable of binding to the invariant 

region of major histocompatibility complex class 

II (MHC-II) molecules and the particular motif of 

the variable region of the β chain (Vβ) of T cell 

receptor (TCR), simultaneously. Staphylococcal 

enterotoxin B (SEB), a well-established BSAg, was 

extensively used in the characterization of various 

antigen presenting cells (APCs), including human 

naïve B cell.
22

 Though the pulsation of SEB on 

human naïve B cells was known to stimulate total 

CD4
+
T cell activation,

22
 the specific priming effect 

on naïve CD4
+
T cells remains to be investigated.  

In this study, we evaluated a simple two-step 

method to improve peripheral naïve B cell’s purity 

by the combination of a rosetting process (Human B 

lymphocyte enrichment cocktail, StemCell) and the 

Naïve B cell Isolation kit II (Miltenyi Biotec). 

Overall the processes were reproducible and could 

be performed manually without specific automated 

equipments for cell isolation. In addition, to assess 

the quality of purified naïve B cells, we have also 

demonstrated that the isolated naïve B cells could 

present the superantigen “SEB” to prime autologous 

naïve CD4
+
T cells. 

Methods 

Antibodies and Reagents 

Anti-human CD40(5C3), CD45RO(UCHL1), CD19 

(4g7), CD3(ucht1), CD25(m-a251), CD45RA (hi 

100), HLA-II(tu39), CD4(RFT-4G), CD11c(b-ly6) 

antibodies were purchased from BD Pharmingen (San 

Diego, CA). IL-4 and granulocyte macrophage 

colony-stimulating factor (GM-CSF) was obtained 

from R&D Systems (Minneapolis, MN). Propidium 

iodide (PI) and PKH-26 were purchased from 

Sigma-Aldrich (St. Louis, MO, USA). Staphylococcal 

enterotoxin B, from Staphylococcus aureus (SEB) 

was purchased from Sigma-Aldrich (Singapore). 

RosetteSep
®
 human B lymphocyte enrichment 

cocktail and RosetteSep
®
 Human CD4

+
T cell 

enrichment cocktail were purchased from StemCell 

Technologies Inc. (Vancouber DC, CA). Dynabeads
®
 

CD25 was purchased from Invitrogen Dynal (AS, 

Oslo, Norway). A naïve B cell isolation kit II, anti-

PE microbeads and anti CD14 microbeads were 

purchased from Miltenyi Biotec (Auburn, USA). 

Human Blood samples 

Blood samples were collected from healthy 

donors at the National Blood Centre of the Thai Red 

Cross Society into heparin vacutainers. All samples 

were collected after the donors had signed a written 

informed consent in accordance with the 

institutional reviewed board-approved protocols of 

the Faculty of Medicine, Chulalongkorn University. 

Blood samples were collected and used for different 

cell type preparation: 10 ml for naïve B cells, 5-10 

ml for MoDCs, 5 ml for naïve CD4
+
T cells, and 5 

ml for PBMCs used in percentage yield calculation.  
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Isolation and culture of peripheral naïve B cells 

a. One-step method 

Peripheral naïve B cells were isolated from 

PBMCs using the Naïve B cell Isolation kit II 

(Miltenyi Biotec) according to the manufacturer’s 

protocol. Briefly, PBMCs were isolated from blood 

samples by density-gradient sedimentation on Ficoll-

Hypaque Isoprep (Robbins Scientific, Sunnyvale, CA) 

at 1200 g for 20 minutes at 23⁰C. Acquired PBMCs 

were then incubated with a cocktail of biotinylated 

antibodies specific to non-naïve B cells (CD2, 

CD14, CD16, CD27, CD36, CD43 and CD235a) 

and anti-biotin microbeads for 15 and 20 minutes. 

Labeled PBMCs were washed with cold MAC (2 

mM EDTA 0.5% BSA PBS) buffer and then flushed 

through the magnetic column (MS). The flow-

through fraction was collected and considered to be 

the naïve B cell’s fraction (1.5 ml). The B cell purity 

(%CD19
+
cells) was determined. 

b. Two-step method  

Total B cells were enriched directly from blood 

sample using RosetteSep
®
 human B lymphocyte 

enrichment cocktail (StemCell, DC, CA). The 

enriched B cells were subsequently treated for naïve 

B cells (CD19
+
CD27

-
cells) isolation using the 

Human naïve B cell isolation kit. In brief, 20-

minutes incubation of donor blood sample with the 

RosetteSep cocktail (50 µl cocktail/1 ml blood) was 

performed to allow non-B cells (CD2, CD3, CD16, 

CD36, CD56, CD66b and CD235a positive cells) to 

crosslink with red blood cells (RBCs). Enriched 

human B cells were separated from crosslinked cells 

by density-gradient sedimentation on Ficoll-

Hypaque Isoprep Robbins Scientific, Sunnyvale, 

CA) at 1200 g for 20 minutes at 23⁰C. The enriched 

total B cells were then incubated with a cocktail of 

biotinylated antibodies specific to non-naïve B cells 

and anti-biotin microbeads for 15 and 20 minutes. In 

this study, the amount of antibodies as well as the 

beads was estimated based on approximation of 

1×10
6
 PBMCs/1 ml blood sample. Labeled total B 

cells were washed with cold MAC buffer and then 

flushed through the magnetic column. The naïve B 

cell fraction (flow-through fraction) was collected, 

and determined for B cell purity (%CD19
+
cells), 

naïve B cell purity (%CD19
+
CD27

-
cells) and 

memory B cell purity (%CD19
+
CD27

+
cells). For 4 

samples, 5 ml of blood was used to estimate the 

number of naïve B cells/ml blood after their 

separation using gradient centrifugation on Ficoll-

Hypaque Isoprep (Robbins Scientific) at 1200 g, 

23⁰C for 30 minutes. The acquired data were 

included for yield calculation. Enriched naïve B 

cells were maintained in RPMI 1640 with L-

glutamine (Invitrogen GIBCO, Grand Island, NY) 

supplemented with 10% Fetal bovine serum (FBS) 

(Cambrex Bio Science Walkersville, Walkersville, 

MD). The cells were cultured in 96-well U-bottom 

plates (5 x10
4
 cells/well) in 10% FBS RPMI 

at 37°C, 5% CO2 in a humidified incubator for 18, 

36 and 60 hours to assess the cell viability by 

propidium iodide (PI) staining. 

Isolation and culture of peripheral naïve CD4
+
T 

cells 

Naïve CD4
+
T cells (CD4

+
CD25

-
CD45RA

+ 

CD45RO
-
cells) were isolated from blood sample 

using RosetteSep
®
 Human CD4

+
T cell enrichment 

cocktail, Dynabeads
®
 CD25 (Invitrogen, Oslo, 

Norway) and anti-PE microbeads (Miltenyi Biotec, 

Auburn, USA). Briefly, human CD4
+
T cells were 

enriched directly from blood samples using 

RosetteSep
®
 Human CD4

+
T cell enrichment cocktail 

by a process similar to that of B cell enrichment. 

The enriched total CD4
+
T cells were then depleted 

for CD25
+
cells by Dynabeads

®
 CD25 according to 

the manufacturer’s protocol to collect CD4
+
CD25

-
T 

cells. This fraction was subsequently incubated with 

anti-CD45RO-PE monoclonal antibody and anti-PE 

microbeads for 25 and 30 minutes. Bead labeled-

total CD4
+
CD25

-
T cells were flushed through the 

magnetic column (MS). The flow-through fraction 

considered to be naïve T cells was maintained in 

10%FBS RPMI at 37°C, 5% CO2 in a humidified 

incubator lesser than 18 hours prior to co-culturing 

or further process. 

Preparation of monocyte-derived dendritic cells 

(MoDCs) 

To prepare monocyte-derived dendritic cells 

(MoDCs), collected PBMCs were subsequently 

isolated for CD14
+
cells using CD14 MicroBeads 

(Miltenyi Biotec, Auburn, USA) according to the 

manufacturer’s protocol. Enriched CD14
+
cells (1-2 

x10
6
 cells/well) were cultured in the presence of 3 

µg/ml IL-4 and GM-CSF in RPMI supplemented 

with 10%FBS for 6 days. Purity of CD11c
+ 

CD209
+
CD3

-
 MoDCs was >90%. 

Staphylococcal enterotoxin B (SEB) pulsation and 

activation of naïve CD4
+
T cell 

Naïve B cells, MoDCs or naïve CD4
+
T cells 

were pulsed with 0.5 µg SEB per 1-1.5x10
5
 cells for 

an hour at 37°C with 5% CO2. To assure the absence 

of cell activation of SEB pulsed naïve B cells, the
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expression of CD69, CD80, and CD86 was 

determined at 24 hours-post pulsation in two 

samples. Immediately after pulsation, autologous 

naïve CD4
+
T cells were co-cultured with SEB 

pulsed-naïve B cells or -MoDCs in a 96-well U-

bottom plate at the ratio of 1:1 for 68 hours to 

acquire a total of 8-10x10
4
 cells. Increases of cell 

size (FSC) and activated T cells (CD4
+
CD25

+
cells) 

were then determined in each co-culture. Interfering 

doublets of B and T cell’s complexes 

(CD4
+
CD19

+
cells) in gated mononuclear population

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was determined and found to be less than 0.5% in 

total cells. 

Flow cytometry 

Cells were incubated with the appropriate 

conjugated antibodies for 20 minutes at 4⁰C, washed 

and applied onto a flow cytometer (FACSCaliber, 

BD). To determine the cell’s viability, cells were 

incubated with PI at a concentration of 100 ng/ml 

for 15 minutes at 4 ⁰C. The data were acquired and 

analyzed using CellQuestPro (Becton Dickinson, 

San Jose, USA) and Summit program (Dako, CO, 

USA), accordingly.  

Figure 1 Purities of total B cells and naïve B cells acquired using the one-step Naïve B cell Isolation kit II (Miltenyi) 
and the Two-step isolation method. (A) Representative percentages of B cells (CD19

+
cell) determined in whole blood, 

cells isolated using the One-step Naïve B cell Isolation kit II and those obtaind using the  Two-step isolation method. 
(B) Percentages of naïve B cells (CD19

+
CD27

-
cell) in whole blood, cells acquired after One-step and Two-step 

Isolation from representative samples. (C) Comparison of naïve B cells (CD19
+
CD27

-
cell) and memory B cells 

(CD19
+
CD27

+
cells) in whole blood and cells acquired after Two-step Isolation (n=10) (D) Viable naïve B cells 

determined at 0, 18, 36 and 60 hours by Trypan blue dye (0 h) and propidium iodide (PI) (18-60 h). *Asterisk within 
the graph denoted significantly different values. *** indicated p <0.001. 
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Statistical analysis 

Differences between the experimental groups 

were detected by One-way analysis of Variance (1-

way ANOVA). To further detect significant 

differences among experimental groups, a 

Bonferroni post hoc test was performed. Significant 

differences between the two experimental groups 

were detected using an unpaired t-test. All statistic 

analyzes were performed using Graph Pad Prism 

3.0. 

Results 

The purity of naïve B cells is improved by a two-

step isolation method 

The blood samples from healthy donors 

contained 11.8±5.6% total B cells (CD19
+
cells) 

(Figure 1A) and 8.0±4.4% naïve B cells 

(CD19
+
CD27

-
cells) (n =15) (Figure 1B and 1C), 

respectively. Five blood samples were used to 

isolate naïve B cells using a one-step protocol based 

on the Naïve B cell isolation kit II as described in 

the materials and methods section. Following the 

use of this method, the average B cell purity 

(CD19
+
cell) reached was 90% (90.6±1.2%) (Figure 

1A). To improve the naïve B cell purity, we 

performed a two-step isolation method by the 

addition of a rosetting B cell enrichment step 

(Human B lymphocyte enrichment cocktail, 

StemCell) prior to naïve B cell purification. The 

enriched B cell purity acquired after rosetting was 

80-81% (n =3) (Supplementary Figure 1). Following 

naïve B cell isolation, a drastic improvement in B 

cell’s purity (CD19
+
cells) with a mean of 99% 

(99.1±0.5%) (p <0.0001) (n =10) was observed 

(Figure 1A), while the acquired naïve B cells 

(CD19
+
CD27

-
cells) purities reached 97.0±1.0% 

(n=10) with 2.0±2.0% contaminated with memory B 

cells (CD19
+
CD27

+
cells) (Figure 1B and 1C). The 

yield determined by PBMCs’ calculation was 

28.2±9.7% (Supplementary Table 1). Immediate cell 

viability was always >95% (98.6±2.0, n=10) based 

on Trypan blue dye exclusion (Figure 1D). To 

analyze the viability of the isolated naïve B cell 

under resting conditions prior to any further usage, 

purified naïve B cells were stained with propidium 

iodide (PI) at 18 h, 36 h  and 60 h post-isolation. 

The B-cell viability dropped with time from 88% to 

50% within 60 h (Figure 1D) Thus, to avoid any 

viability issue further experiments were performed 

with resting B cells for 18 hours.  

Naïve B cells and monocyte-derived dendritic cells 

(MoDCs) differentially express co-stimulatory 

molecules 

The expression level of HLA class II (HLA-II), 

CD40, CD80 and CD86 in naïve B cells was 

compared with that of MoDCs prepared from the 

same blood sample (Figure 2). Naïve B cells 

expressed more CD40 than those on MoDCs (Figure 

2A). By contrast, naïve B cells expressed much 

lower CD80 and CD86 when compared to MoDCs 

in terms of both positive cell number (p <0.001) 

(Figure 2A and 2B) and expression density (p <0.01) (Figure 

2A and 2C). By mean fluorescence intensities 

(MFIs), the expression density of HLA class II on 

MoDCs was also higher than that of naïve B cell (p 

<0.05) (Figure 2C). No significative up-regulation 

of the co-stimulatory molecules CD69, CD80 or 

CD86 was observed following naïve B cell pulsation 

with SEB (Figure 2D and 2E). 

Naïve B cells upregulated CD25 expression on 

CD4
+
T cells during Staphyloccocus enterotoxin B 

(SEB) presentation  

The typical phenotypic changes of T cell 

activation were analyzed by flow cytometry in 

populations of naïve CD4
+
T cells co-cultured for 68 

h with SEB-pulsed naïve B cells or with SEB-pulsed 

MoDC. Naïve CD4
+
T cells cultured in the absence 

of APCs (resting naïve T cells) and SEB pulsed 

naïve CD4
+
T cells were regarded as controls (Figure 

3). Slight increases of T cell size and CD25 

expression (p <0.05) were observed in the SEB 

pulsed naïve T cells when compared with those of 

the resting naïve T cells (Figure 3).
23

 Significant T 

cell activation was detected in the SEB-presented 

samples, both by naïve B cells and MoDCs in 

comparison with resting samples and the direct 

SEB-pulsed naïve T cell controls, as indicated by  

the increase of both cell size (Figure 3A and 3B) and 

CD25 expression (Figure 3A and 3C) (p<0.001). 

Nonetheless, lower degrees of T cells activation 

were evident when the naïve T cells were SEB-

presented by naïve B cells in comparison with that 

by MoDCs (p <0.001) (Figure 3). 

Discussion 

To investigate the in vitro interaction between 

human naïve B cells and naïve CD4
+
T cells, an 

appropriate cell isolation protocol is required to get 

a sufficient numbers and purity of naïve B cells. The 

present study used a two-step isolation method to 

isolate human naïve B cell from peripheral blood 

samples. We demonstrated that an additional step of
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Figure 2 B7 co-stimulatory molecule and HLA class II expression on naïve B cell and monocyte derived dendritic 
cells (MoDCs). (A) Expression of CD80, CD86, CD40 and HLA-II of 18-hour resting naïve B cells and control 
MoDCs acquired from representative samples (MFI = Mean fluorescent intensities, striated curve = Stained cells and 
Clear curves = non-stained cell control). Comparison of (B) positive cell number and (C) MFI of CD80, CD86, 
CD40 and HLA-II expression between naïve B cells (n= 6) and MoDCs (n=5) (MFI of HLA-II was determined 
based on a right-axis scale, while the rest were based on a left-axis scale). (D) A representative sample and (E) 
comparison of CD69, CD80 and CD86 expressions on SEB pulsed (Pulsed) and non-pulsed naïve B cell control 
(Non-Pulsed) (n=2) after 24 hour culture. *Asterisk within the graph denoted significantly different values between 
Naïve B cells and MoDCs.  * indicated p <0.05, ** indicated  p <0.01, *** indicated p <0.001. 
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total B cell enrichment by rosetting prior to the 

naïve B cells’ negative selection by a commercial 

magnetic cell isolation kit (Naïve B cell Isolation kit 

II, Miltenyi Biotec) was able to improve naïve the B 

cells’ purity. Application of higher purity of naïve B 

cell should thus provide us a more reliable and 

reproducible experimental result.  

Although the naïve B cell isolation kit II 

(Miltenyi Biotec) is commonly used for human 

peripheral naïve B cell isolation, it is interesting to 

note that this manufacturer did not provide any data 

about the yield as well as the purity of naïve B cells. 

According to a literature review of naïve B cell

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

isolation using this kit, approximately 90% yield of 

purity was reached in most of the reports
4-6,9

 

(Supplementary Table 2 and 3), which is in agreement 

with our present results (Figure 1A and Table 1). 

However, two reports from the same lab stated that a 

97% purity can be achieved following the same 

purification method.
11,13

 This indicates a variability 

of the yield when using this one-step method.  Our 

current two-step protocol allowed isolation of naïve 

human B cells with not only a higher B cell purity 

but also a higher reproducibility. The purity rate 

reached 99.0±0.5% from 10 independent experiments 

(Figure 1A and Table 1).  In terms of the volume of 

Figure 3 Determination of T cell activation after 68 hours of culture. (A) Cell size (FSC-H) and CD25
+
T cell’s number 

of resting naïve CD4
+
T cells, SEB pulsed naïve CD4

+
T cells, naïve CD4

+
T cells co-cultured with SEB pulsed naïve B 

cells and naïve CD4
+
T cells co-cultured with SEB pulsed MoDCs prepared from a same representative sample. 

Comparisons of (B) FSC-H and (D) CD25
+
T cells number among all experimental groups (n=5). *Asterisk within the 

graph denoted significantly different values.  *indicated p <0.05, **indicated p <0.01, and ***indicated p<0.001. 
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the samples, this two-step method was able to 

isolate sufficient naïve B cells from as little as 10-15 

ml of whole blood. Actually a similar process has 

been previously reported for cell isolation from 

tonsils but it has not been implemented in whole 

blood samples.
24

 Other well established different 

two-step methods for peripheral naïve B cells 

isolation are summarized and compared in 

Supplementary Table 3. According to our review, all 

of the non-flow cytometry-based two-step methods 

consumed much more time than conventional one-

step isolation i.e., required 40 min to 1 h 40 min in 

addition (Supplementary Table 3), whereas 

approximately 10 more minutes is needed for the 

additional B-cell enrichment step in our proposed 

protocol (Table 1). Minimizing the time of the cell 

separation processes should reduce the risk of 

activation and therefore loss of healthy naïve B 

cells. Moreover, this two-step method allows the 

isolation of naïve B cells which are maintained 

unlabeled by any fluorescent dyes or magnetic 

beads, making them suitable for further culture 

experiments (Supplementary Table 3). The method 

is also cost-effective, since it requires neither special 

instruments nor flow cytometric sorting machine. 

In this study, the proposed two-step method had 

given us the mean % yield of naïve B cells of 28% 

(range 18 - 40%). According to our knowledge, 

there is no information on the percentage yield of 

isolated naïve B cells reported in the available 

published papers. Although one might consider the 

yield is relatively low, sufficient number of naïve B 

cells have always been isolated from blood samples 

with volumes as low as 10 ml to conduct further 

experiments (with the need for at least 5×10
4
 cells

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

per well). This approach can therefore be used to 

study the role of naïve B cells in clinical settings 

when limited blood volume is an issue, such as in 

pediatrics. In addition it may allow us to do a larger 

scale clinically-correlated study to investigate any 

pathogenic role of naïve B cells in some particular 

disorders such as autoimmune diseases. 

CD80 and CD86 are members of the B7 

peripheral protein family providing a co-stimulatory 

signal necessary for CD4
+
T cell activation and 

survival during antigen presentation via human 

leuckocyte antigen class II (HLA-II) by an antigen 

presenting cell (APC).
25

 The other important 

molecule, CD69 is generally regarded as an early 

lymphocyte activation marker.
8
 The purified peripheral 

blood naïve B cells, obtained from this study, were 

found to be in a resting state or in a very modest 

activation state, as judged by the very low 

expression levels of CD69, low CD80 and CD86 at 

baseline and up to 18 hours after the isolation. We 

also observed comparable findings to previous 

studies i.e., more CD80, CD86, HLA-II but not 

CD40 were detected on the control MoDCs
25, 26

 

(Figure 2A-2C). In order to validate the quality of 

our purified naïve B cell preparations, we evaluated 

their capacity to function as antigen presenting cells. 

We therefore used a superantigen “SEB” presentation 

system to illustrate the T cell activation with SEB 

pulsed-naïve B cells. After SEB pulsation, there 

were no significant changes in expression of the 

early activation marker (CD69) or B7 co-stimulatory 

molecules (CD80 and CD86) on the naïve B cells 

(Figure 2D and 2E). This indicates that SEB 

pulsation in this study did not significantly activate 

the naïve B cells. In addition, T cell activation was 

Table 1. Comparison between one-step and two-step naïve B cell purification methods used in the current study 

Considerations  
One-step method 

(Naïve B cell Isolation kit II, Miltenyi Biotec) 

Two-step method 

(B cell Enrichment cocktail, Stem Cell  & 
Naïve B cell Isolation kit II, Miltenyi Biotec) 

Proceduresa  PBMC isolation Rosetting® B cell Enrichment 

Naïve B cell isolation Naïve B cell isolation 

Approximate processing time  1 h 35 min 1 h 45 min 

Acquired B cell’s purities  90.6±1.2% 99.1±0.5% 

Acquired naïve B cell’s purities  90.0±2.2% 97.0±1.0% 

Viability (immediate)  >95% >95% 

 

a PBMC isolation = 45 min, Rosetting B cell enrichment = 60 min, Naïve B cell isolation (Miltenyi Biotec) = 45 min 
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detected after 68 hour of culture (Figure 3). Thus 

SEB pulsation could be successfully applied for the 

study of naïve B cells’ superantigen presentation to 

naïve CD4
+
T cells. 

During CD4
+
T cell activation, an increase of cell 

size and expression of several surface molecules, 

including the IL-2 receptor α chain (CD25), were 

commonly demonstrated.
35

 The naïve CD4
+
T cells 

either stimulated by SEB pulsed naïve B cells or 

SEB pulsed MoDCs increased both in size and 

CD25 expression more than those observed in 

directly SEB pulsed naïve T cell controls, without 

APCs at 68 h of culture (Figure 3). According to 

previously published data, the results indicated that 

SEB was more effective at stimulating T cells in an 

APC dependent way
23

 (Figure 3C and 3D). 

Nonetheless, lesser activation of T cells primed by 

SEB pulsed naïve B cells was observed when 

compared to the results from the priming by SEB 

pulsed-MoDCs (Figure 3). This finding  may be 

explained by a lower expression of  CD86 on human 

naïve B cells compared with dendritic cells.
25

  

In summary, this two-step non-flow cytometry 

approach can reproducibly isolate human peripheral 

naïve B cells from as little as 10 ml of whole blood 

with a higher purity and reproducibility, compared 

with the conventional one-step method. The 

rosetting step to enrich naïve B cells with required 

only an additional 15 minutes. The isolated naïve B 

cells had resting phenotypes and were able to prime 

naïve T cells in a superantigen “SEB” presentation 

system. Their efficiency in priming naïve T cells 

was however lower than that of MoDCs.   

Acknowledgements 

KC has received a Ph.D. student grant support 

through Chulalongkorn University;   KR has 

received support from the Thai Research Fund 

Senior Research Scholar (TRF) award; the 

Research-team Strengthening Grant, National 

Center for Genetic Engineering and Biotechnology 

(BIOTEC) Thailand and The National Research 

University Project of CHE and the Ratchada-

phiseksomphot Endowment Fund (HR1161A). 

Alain Jacquet was funded by National Science 

and Technology Development Agency (NSTDA, 

BIOTEC Grant P-09-00324), the National Research 

university Project of CHE and the Ratchada-

phiseksomphot Endowment Fund (HR1164A) and 

the CU-Cluster-Emerging H-8-68-53. 

 

 

Supplementary data 

Supplementary data associated with this article 

can be found, in the online version, at http://apjai. 

digitaljournals.org 

References 

1. Rajewsky K. Clonal selection and learning in the antibody system. 

Nature. 1996;381:751-8. 

2. Agematsu K, Nagumo H, Yang FC, Nakazawa T, Fukushima K, Ito 

S, et al. B cell subpopulations separated by CD27 and crucial 

collaboration of CD27+ B cells and helper T cells in 

immunoglobulin production. Eur J Immunol. 1997;27:2073-9. 

3. Crotty S, Aubert RD, Glidewell J, Ahmed R. Tracking human 

antigen-specific memory B cells: a sensitive and generalized 

ELISPOT system. J Immunol Methods. 2004;286:111-22. 

4. Pallasch CP, Schulz A, Kutsch N, Schwamb J, Hagist S, Kashkar 

H, et al. Overexpression of TOSO in CLL is triggered by B-cell 

receptor signaling and associated with progressive disease. Blood. 

2008;112:4213-9. 

5. Frenzel LP, Patz M, Pallasch CP, Brinker R, Claasen J, Schulz A, et 

al. Novel X-linked inhibitor of apoptosis inhibiting compound as 

sensitizer for TRAIL-mediated apoptosis in chronic lymphocytic 

leukaemia with poor prognosis. Br J Haematol.152:191-200. 

6. Martin HJ, Lee JM, Walls D, Hayward SD. Manipulation of the 

toll-like receptor 7 signaling pathway by Epstein-Barr virus. J 

Virol. 2007;81:9748-58. 

7. Giordani L, Sanchez M, Libri I, Quaranta MG, Mattioli B, Viora M. 

IFN-alpha amplifies human naive B cell TLR-9-mediated activation 

and Ig production. J Leukoc Biol. 2009;86:261-71. 

8. Lu H, Crawford RB, North CM, Kaplan BL, Kaminski NE. 

Establishment of an immunoglobulin m antibody-forming cell 

response model for characterizing immunotoxicity in primary 

human B cells. Toxicol Sci. 2009;112:363-73. 

9. Kaur K, Chowdhury S, Greenspan NS, Schreiber JR. Decreased 

expression of tumor necrosis factor family receptors involved in 

humoral immune responses in preterm neonates. Blood. 

2007;110:2948-54. 

10. Isnardi I, Ng YS, Menard L, Meyers G, Saadoun D, Srdanovic I, et 

al. Complement receptor 2/CD21- human naive B cells contain 

mostly autoreactive unresponsive clones. Blood.115:5026-36. 

11. Jiang W, Lederman MM, Harding CV, Sieg SF. Presentation of 

soluble antigens to CD8+ T cells by CpG oligodeoxynucleotide-

primed human naive B cells. J Immunol.186:2080-6. 

12. Brown PJ, Ashe SL, Leich E, Burek C, Barrans S, Fenton JA, et al. 

Potentially oncogenic B-cell activation-induced smaller isoforms of 

FOXP1 are highly expressed in the activated B cell-like subtype of 

DLBCL. Blood. 2008;111:2816-24. 

13. Jiang W, Lederman MM, Harding CV, Rodriguez B, Mohner RJ, 

Sieg SF. TLR9 stimulation drives naive B cells to proliferate and to 

attain enhanced antigen presenting function. Eur J Immunol. 

2007;37:2205-13. 



Asian Pac J Allergy Immunol 2012;30:214-23   

 

223 

 

14. Yurasov S, Wardemann H, Hammersen J, Tsuiji M, Meffre E, 

Pascual V, et al. Defective B cell tolerance checkpoints in systemic 

lupus erythematosus. J Exp Med. 2005;201:703-11. 

15. Quach TD, Manjarrez-Orduno N, Adlowitz DG, Silver L, Yang H, 

Wei C, et al. Anergic Responses Characterize a Large Fraction of 

Human Autoreactive Naive B Cells Expressing Low Levels of 

Surface IgM. J Immunol. 

16. Herve M, Isnardi I, Ng YS, Bussel JB, Ochs HD, Cunningham-

Rundles C, et al. CD40 ligand and MHC class II expression are 

essential for human peripheral B cell tolerance. J Exp Med. 

2007;204:1583-93. 

17. Weller S, Braun MC, Tan BK, Rosenwald A, Cordier C, Conley 

ME, et al. Human blood IgM "memory" B cells are circulating 

splenic marginal zone B cells harboring a prediversified 

immunoglobulin repertoire. Blood. 2004;104:3647-54. 

18. Ng YS, Wardemann H, Chelnis J, Cunningham-Rundles C, Meffre 

E. Bruton's tyrosine kinase is essential for human B cell tolerance. J 

Exp Med. 2004;200:927-34. 

19. Wulff H, Knaus HG, Pennington M, Chandy KG. K+ channel 

expression during B cell differentiation: implications for 

immunomodulation and autoimmunity. J Immunol. 2004;173:776-

86. 

20. Lund FE, Randall TD. Effector and regulatory B cells: modulators 

of CD4(+) T cell immunity. Nat Rev Immunol.10:236-47. 

21. Geiger R, Duhen T, Lanzavecchia A, Sallusto F. Human naive and 

memory CD4+ T cell repertoires specific for naturally processed 

antigens analyzed using libraries of amplified T cells. J Exp Med. 

2009;206:1525-34. 

22. Gujer C, Sandgren KJ, Douagi I, Adams WC, Sundling C, Smed-

Sorensen A, et al. IFN-{alpha} produced by human plasmacytoid 

dendritic cells enhances T cell-dependent naive B cell 

differentiation. J Leukoc Biol. 2011;89: 811-21. 

23. Hewitt CR, Lamb JR, Hayball J, Hill M, Owen MJ, O'Hehir RE. 

Major histocompatibility complex independent clonal T cell anergy 

by direct interaction of Staphylococcus aureus enterotoxin B with 

the T cell antigen receptor. J Exp Med. 1992;175:1493-9. 

24. Koelsch K, Zheng NY, Zhang Q, Duty A, Helms C, Mathias MD, 

et al. Mature B cells class switched to IgD are autoreactive in 

healthy individuals. J Clin Invest. 2007;117:1558-65. 

25. Reichardt P, Dornbach B, Gunzer M. The molecular makeup and 

function of regulatory and effector synapses. Immunol Rev. 

2007;218:165-77. 

26. Watt V, Ronchese F, Ritchie D. Resting B cells suppress tumor 

immunity via an MHC class-II dependent mechanism. J 

Immunother. 2007;30:323-32. 

27. Dorner M, Zucol F, Berger C, Byland R, Melroe GT, Bernasconi 

M, et al. Distinct ex vivo susceptibility of B-cell subsets to epstein-

barr virus infection according to differentiation status and tissue 

origin. J Virol. 2008;82:4400-12. 

28. Poeck H, Wagner M, Battiany J, Rothenfusser S, Wellisch D, 

Hornung V, et al. Plasmacytoid dendritic cells, antigen, and CpG-C 

license human B cells for plasma cell differentiation and 

immunoglobulin production in the absence of T-cell help. Blood. 

2004;103:3058-64. 

29. Bekeredjian-Ding IB, Wagner M, Hornung V, Giese T, Schnurr M, 

Endres S, et al. Plasmacytoid dendritic cells control TLR7 

sensitivity of naive B cells via type I IFN. J Immunol. 

2005;174:4043-50. 

30. Huggins J, Pellegrin T, Felgar RE, Wei C, Brown M, Zheng B, et 

al. CpG DNA activation and plasma-cell differentiation of CD27- 

naive human B cells. Blood. 2007;109:1611-9. 

31. Douagi I, Gujer C, Sundling C, Adams WC, Smed-Sorensen A, 

Seder RA, et al. Human B cell responses to TLR ligands are 

differentially modulated by myeloid and plasmacytoid dendritic 

cells. J Immunol. 2009;182:1991-2001. 

32. Duty JA, Szodoray P, Zheng NY, Koelsch KA, Zhang Q, 

Swiatkowski M, et al. Functional anergy in a subpopulation of 

naive B cells from healthy humans that express autoreactive 

immunoglobulin receptors. J Exp Med. 2009;206:139-51. 

33. Fecteau JF, Neron S. CD40 stimulation of human peripheral B 

lymphocytes: distinct response from naive and memory cells. J 

Immunol. 2003;171:4621-9. 

34. Fecteau JF, Cote G, Neron S. A new memory CD27-IgG+ B cell 

population in peripheral blood expressing VH genes with low 

frequency of somatic mutation. J Immunol. 2006;177:3728-36. 

35. Reichardt P, Dornbach B, Rong S, Beissert S, Gueler F, Loser K, et 

al. Naive B cells generate regulatory T cells in the presence of a 

mature immunologic synapse. Blood. 2007;110:1519-29. 

 

 


