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Abstract

Introduction: B‐cells are essential in the defense against Mycobacterium

tuberculosis. Studies on isolated cells may not accurately reflect the responses

that occur in vivo due to the presence of other cells. This study elucidated the

influence of microenvironment complexity on B‐cell polarization and function

in the context of tuberculosis disease.

Methods: B‐cell function was tested in whole blood, peripheral blood

mononuclear cells (PBMCs), and as isolated cells. The different fractions were

stimulated and the B‐cell phenotype and immunoglobulin profiles analyzed.

Results: The immunoglobulin profile and developmental B‐cell frequencies
varied for each of the investigated sample types, while in an isolated cellular

environment, secretion of immunoglobulin isotypes immunoglobulin A (IgA),

IgG2, and IgG3 was hampered. The differences in the immunoglobulin profile

highlight the importance of cell‐cell communication for B‐cell activation.

Furthermore, a decrease in marginal zone B‐cell frequencies and an increase in

T1 B‐cells was observed following cell isolation, indicating impaired B‐cell
development in response to in vitro antigenic stimulation in isolation.

Conclusion: Our results suggest that humoral B‐cell function and development

was impaired likely due to a lack of costimulatory signals from other cell types.

Thus, B‐cell function should ideally be studied in a PBMC or whole blood fraction.
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1 | INTRODUCTION

Over the past three decades, researchers have increased the
use of cell culture and isolated tissue samples for biological
research as an alternative to in vivo animal studies, due to

ethical considerations, the large cost and strict regulatory
conditions associated with in vivo studies.1‐3 For this reason,
cell culture studies have formed the fundamental basis of a
variety of research topics. While the information gained from
these isolated cell studies provides valuable insight into
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biological mechanisms under investigation, they do not ac-
count for the many factors that control these physiological
responses in vivo. Numerous studies have illustrated the
ability of various cell types to modulate the host immune
response during tuberculosis (TB) disease,4‐13 and the pre-
sence and activation of these cell types may contribute sig-
nificantly to the function of a cell type of interest, through
directing the mounting immune response. As such, the ab-
sence of these cells during isolated cell studies may result in
artificial observations and inaccurate assumptions regarding
the role of a cell population during health and disease. The
effects of isolation on investigated cellular responses is evi-
dent in many studies,3,14,15 in which a particular condition
produced a measured immune response in whole organism,
while having minimal or no effect on the isolated target cells
or tissue (vice versa).

Recent studies investigating the role of B‐cells during TB
revealed impaired B‐cell function and decreased B‐cell fre-
quencies during active disease.16,17 A regulatory B‐cell (Breg)
subtype, killer B‐cells, was recently discovered and has been
implicated in a variety of immune conditions, including
Mycobacterium tuberculosis infection and disease.18,19 Emer-
ging evidence has acknowledged B‐cells as essential in the
defense against M. tuberculosis. Before the participation of B‐
cells in host immune responses, development and migration
of precursor cells known as transitional B‐cells from the bone
marrow to the spleen is required; where they give rise to
mature B‐cells in response to antigenic stimulation.20,21 Im-
mature transitional 1 (T1) B‐cells (CD19+CD21−CD23−)
form the foundation from which transitional 2 (T2) B‐cells
(CD19+CD21+CD23+) and mature B‐cells sequentially
derive.22 However, T2 B‐cells have been found to be more
receptive to cellular activation and proliferation, in compar-
ison to T1 B‐cells.23,24 As such, the presence and regulation of
these T2 B‐cells dramatically affect the course of the moun-
ted immune responses.

Functional analysis of these cells in numerous health
settings identified the role of these cells as potential im-
mune modulators responsible for controlling the immune
response during disease and infection.18,25‐28 A study by van
Rensburg et al29 investigated the frequency of these killer
Bregs during active TB disease and found a decrease in the
frequency of these cells during TB diseased individuals
when compared to controls. Upon successful TB treatment,
these killer B‐cell frequencies returned to levels comparable
to that of healthy controls, suggesting a pivotal role of these
Bregs in protective anti‐TB immunity.16,17

The objective of this study was to elucidate the
influence of microenvironment complexity on B‐cell
polarization and function in the context of TB disease.
Current research findings inferring the role of B‐cells
during M. tuberculosis infection utilized isolated B‐cell
cultures to investigate their functional capacity. Thus,

we sought to first assess and characterize B‐cell func-
tion in whole blood, peripheral blood mononuclear
cells (PBMCs), and as an isolated culture in response to
various antigenic stimuli, and second to determine the
significance of the use of isolated cell culture techni-
ques in studies inferring the role of B‐cells during TB
disease.

2 | METHODS

2.1 | Ethics statement

Ethical approval was obtained from the health research
ethics committee of Stellenbosch University (N16/05/070)
and the City of Cape Town City Health. The study was
conducted according to the Helsinki Declaration and the
International Conference of Harmonization guidelines.
Written informed consent was obtained from all study
participants.

2.2 | Study participants

For this pilot study, we recruited 23 healthy individuals
(15 individuals with a negative Quantiferon [QFN] status).
The positive QFN status was suggestive of exposure to
M. tuberculosis. Recruited participants did not present
with any clinical symptoms of TB and had no previous
record of active disease. All participants for this
study were HIV negative. QFN positive and negative
participants were matched according to socioeconomic
background.

2.3 | B‐cell isolation

Heparinized peripheral blood (18mL) was collected, of
which 3mL was set aside for stimulation. From the re-
maining whole blood, PBMCs were isolated using the
ficoll‐histopaque (GE Healthcare Life Sciences, Marlbor-
ough, MA) density gradient method. A fraction of the
PBMCs (3 × 106 cells) was set aside for stimulation.
Subsequently, B‐cells were negatively isolated from the
remaining PBMCs using the magnetic‐activated cell
sorting bead technology, according to the manufacturer's
instructions, with the B‐Cell Isolation Kit II (Miltenyi
Biotec, Centurion, South Africa). Once all the sample
fractions had been collected, the cells were stimulated as
described below. The purity of the enriched B‐cell sam-
ples was confirmed by flow cytometry using anti‐human
CD19 mAb. All samples with resulting gated purity of
above 90% were included in analysis.
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2.4 | In vitro stimulation assays

According to the literature, 1 mL of blood contains ∼1
million PBMCs,30 of which B‐cells make‐up roughly
10%.31,32 As such, the cell concentrations used within this
study to investigate B‐cell function across investigated
microenvironment complexities were based on these cell
frequencies. Whole blood (1 mL blood/well), PBMCs
(1 × 106 cells/well) and isolated B‐cells (100 000 cells/
well) were stimulated under three conditions: un-
stimulated, H37Rv (1 × 106 CFU) or TLR9a (Sigma‐
Aldrich, St. Louis, MO) at 50 ng/mL. PBMCs and isolated
B‐cells were cultured in 96‐well round‐bottom plates in a
total of 200 μL complete media (Roswell Park Memorial
Institute plus L/Glutamine [Sigma‐Aldrich]) supple-
mented with 10% Fetal Calf Serum (FCS, Lonza, South
Africa). Whole blood samples were incubated in a 24‐well
flat‐bottom plate in a total of 1.1 mL (stimulants were
diluted in complete media and added to 1mL blood). All
sample fractions were incubated at 37°C and 5% CO2 for
24 hours. Following incubation, the plasma (in case of
whole blood) and culture supernatants (in the case of
PBMCs and isolated B‐cells) were harvested, passed
through a filter of 0.22 μm (to remove any bacilli that
may be contained within the sample) and stored at
−80°C for measurement of immunoglobulin secretion.
The cells were then fixed with 4% paraformaldehyde
(eBioscience, San Diego, CA) for 30minutes at 37°C,
washed with phosphate‐buffered saline (Lonza) and
cryopreserved (90% FCS and 10% dimethyl sulfoxide;
Sigma‐Aldrich) in liquid nitrogen for future analysis by
flow cytometry.

2.5 | Immunoglobulin isotype analysis
by Luminex technology

Quantification of immunoglobulins within the plasma and
culture supernatant, following the 24‐hour stimulation,
was determined using the MAGPix and Bioplex platforms
(Bio‐Rad Laboratories, Irvine, CA). The immunoglobulins
included immunoglobulin A (IgA), IgE, IgG1, IgG2, IgG3,
IgG4, and IgM. The experiments were performed accord-
ing to the kit manufacturer's recommendations.

2.6 | Phenotype analysis by flow
cytometry

The antibody panel for cell surface receptor analysis
consisted of: CD19‐BV605, CD21‐PE/Dazzle, CD23‐
BV421, CD5‐PerCP/Vio770, CD125 (IL5RA)‐PE (All from
Biolegend, San Diego, CA), CD3‐FITC (BD Biosciences,

Germany) and CD178 (FASL)‐APC (Miltenyi Biotec).
Cells were stained for 1 hour at room temperature in the
dark, washed, and acquired on a BD LSR II (BD Bios-
ciences). The resulting data were analyzed using the
FlowJo v10 software (Treestar, Woodburn, OR). The
gating strategy is depicted in Figure S1.

2.7 | Statistical analysis

Quantification of the immunoglobulin isotypes by Luminex
was expressed as a percentage of the total immunoglobulin
and statistical analysis performed on the relative percentage
contribution of each of the isotypes within a sample. Data
analysis for all Luminex results was performed using
Statistica 12 software (Statsoft) and Prism 7 Software
(San Diego, CA). Raw data were checked for normality
using normality plots. Statistical differences between sam-
ple fractions (whole blood, PBMC, and B‐cells), QFN status,
and culture conditions (unstimulated, TLR9a, and H37v)
were calculated using a four‐way mixed model analysis of
variance. Comparisons within groups were calculated using
the Fisher's least significant difference post hoc test. A two‐
way step‐up Benjamini, Krieger, and Yekutieli false dis-
covery rate (FDR) approach, with an FDR of 1%, was used
to correct for multiple testing.

Data analysis of the flow cytometric plots was done
using FlowJo V10 (Treestar) and the resulting cell fre-
quencies analyzed using Statistica and Prism 7 Software.
Raw data were checked for normality using normality
plots and winsorized using the Huber mean and median
absolute deviation as necessary to reduce the residual
distribution into close agreement with a normal dis-
tribution. Statistical significance is indicated by an as-
terisk, in which the P< .05 (*), P< .01 (**), and
P< .001(***) or by letters, in which groups denoted with
different letters indicate statistical differences.

3 | RESULTS

3.1 | The B‐cell immunoglobulin profile
varies considerably according to cellular
microenvironment/sample fraction

The mechanisms employed by B‐cells toward facilitating
enhanced anti‐TB immunity remain unresolved. Subse-
quently, the effects of microenvironment complexity, that
is, the degree of cellular isolation on B‐cell function were
investigated. This was achieved by examining the im-
munoglobulin expression patterns within culture super-
natants following stimulation of B‐cells in various sample
fractions (whole blood, PBMCs, and isolated B‐cells).
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Altered immunoglobulin profiles were observed across
the various sample fractions, regardless of stimulation
conditions; however, most notable was the observation of
increased IgM release from isolated B‐cells (Figure 1). A
significant difference in the immunoglobulin profile was
observed for all isotypes, except IgG4, following isolation
of B‐cells from whole blood (Figure 2A). In some in-
stances, the relative abundance of an isotype within a gi-
ven sample set, such as IgE (P= .0001), IgG3 (P< .00001),
and IgA (ns, P> .05), was observed to increase following
PBMC isolation. However, in the majority of cases, a de-
crease in the relative abundance of an immunoglobulin
isotype, specifically IgG1 (P< .00001), IgG2 (ns, P> .05)
IgG4 (ns, P> .05), and IgM (ns, P> .05), within a given
sample set was observed following PBMC isolation. A
significant decrease in the relative abundance of most
isotypes, including IgA (P< .00001), IgG1 (P< .00001),
and IgG2 (P< .00001), was observed following isolation of
B‐cells compared to whole blood, whilst an increase in the
relative abundance of IgE (P= .0004) and IgM (P< .00001)
was found. Likewise, a substantial decrease in the relative
abundance of most isotypes, IgA (P< .00001), IgG1
(P= .0001), IgG2 (P< .00001), and IgG3 (P< .00001), was
observed following isolation of B‐cells compared to the
PBMC sample fraction, whereas an increase in the relative

abundance of IgM (P< .00001) was found. Incidentally,
the effect of sample type on the abundance of the various
immunoglobulin isotypes was investigated to discern the
effect of cellular isolation on the magnitude of subsequent
B‐cell responses. A significant difference in quantified
immunoglobulin levels was observed for all isotypes fol-
lowing each successive isolation procedure (data not
shown). To account for the limitations involved in com-
paring plasma supernatants to culture supernatants, only
differences between PBMCs and isolated B‐cells were
considered. Here, significant decreases in the observed
concentration of all immunoglobulin isotypes were ob-
served for isolated B‐cell culture supernatants compared to
those of PBMC samples.

In addition, the effects of QFN status and stimulation
condition on immunoglobulin profiles were investigated.
We investigated whether or not M. tuberculosis‐exposed
(QFN‐positive) individuals with immune memory would
respond differently to M. tuberculosis challenge compared
to QFN‐negative individuals. In all instances, QFN status
was found to have no effect on the relative abundance of
the various immunoglobulin isotypes (Figure 2B). To
conclude, the impact of stimulation condition on im-
munoglobulin profiles was investigated to determine the
effect of M. tuberculosis infection on B‐cell performance.

FIGURE 1 Immunoglobulin profile of supernatants obtained from each of the stimulatory conditions of the various cellular
fractions. Following a 24‐hour stimulatory period, plasma/culture supernatants of each of the stimulatory conditions for all sample
types were collected and the immunoglobulin secretion profile determined using Luminex. A, Representation of the average
secretion of each isotype within whole blood for each stimulatory condition. B, Representation of the average secretion of each
isotype within the PBMC fraction for each stimulatory condition. C, Representation of the average secretion of each isotype within
the isolated B‐cell fraction for each stimulatory condition, n = 23. Ig, immunoglobulin; PBMC, peripheral blood mononuclear cells
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For the majority of immunoglobulin isotypes, stimulation
with different antigens had no effect on the measured
immunoglobulin abundance (Figure 2C). However, a sig-
nificant decrease in IgA levels was observed following
TLR9 stimulation for all sample types compared to un-
stimulated controls (P= .0038) and H37Rv stimulated
(P= .0292) samples. Conversely, an increase in IgG3 levels
was observed following TLR9 stimulation for all sample
types compared to unstimulated controls (P= .0482).

3.2 | B‐cells isolation results in
decreased frequencies of MZ B‐cells

In addition to investigating alterations within the im-
munoglobulin profile of B‐cells, variations in the phenotypic
frequencies of various B‐cell subsets were investigated to

evaluate the effect of microenvironment complexity on cell
function. The expression of the cell surface receptors CD21
and CD23 by B‐cells was examined to determine the pro-
portion of B‐cells within various developmental stages fol-
lowing antigenic stimulation. Following a 24‐hour
stimulatory period, cells from all stimulatory conditions for
each of the cellular fractions were collected and phenotypic
frequencies of the various B‐cell population determined
using flow cytometry. It is important to note that due to
limited cell numbers, isolated B‐cell samples (B‐cells only)
were pooled according to QFN status and stimulatory con-
ditions before flow cytometry analysis, prohibiting the as-
sessment of individual sample distribution and statistically
significant differences between B‐cells only and other mi-
croenvironment conditions. Consequently, observations
made from the resulting data focus principally on the dif-
ference between whole blood and PBMC, while inferring the

FIGURE 2 Evaluation of the effect of various experimental factors on B‐cell immunoglobulin profile. Following a 24‐hour
stimulatory period, plasma/culture supernatants of each of the stimulatory conditions for all sample types were collected and the
immunoglobulin profile determined using Luminex. The immunoglobulin isotype levels depicted are reported as a percentage of the
total immunoglobulin within a given sample. Median with interquartile range plotted. Statistical differences between culture
conditions was calculated using a four‐way mixed‐model ANOVA. Comparisons within groups were calculated using Fisher's LSD
post hoc test. A two‐way step‐up Benjamini, Krieger, and Yekutieli false discovery rate (FDR) approach, with an FDR of 1% was used
to correct for multiple testing. Statistical significance is indicated by an asterisk, in which the P< .05 (*), P< .01 (**), and
P< .001(***). A, Effects of sample type, that is, microenvironment complexity on immunoglobulin isotype abundance for all
stimulation conditions. B, Effects of quantiferon (QFN) status on immunoglobulin isotype abundance across all sample types and
stimulation conditions. C, Effects of stimulatory conditions on immunoglobulin isotype abundance for all sample types. ANOVA,
analysis of variance; LSD, least significant difference; PBMC, peripheral blood mononuclear cells
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physiological implications of the trends observed for isolated
B‐cells. The effect of sample type on B‐cell development was
investigated, in which no significant difference in T1, T2,
MZ, and FO B‐cell frequencies was observed between whole
blood and PBMCs. However, a shared pattern of decreased
CD19+CD21+CD23− (MZ) B‐cells, whilst an increase in
CD19+CD21+CD23+ (T2) B‐cells, CD19+CD21−CD23+ (FO)
B‐cells, and CD19+CD21−CD23− (T1) B‐cells was observed
for all sample types following each successive isolation
procedure (Figure 3A). Regrettably, the significance of al-
terations in these B‐cell frequencies for isolated B‐cell sam-
ples cannot be analyzed (due to the extremely low number of
B‐cells remaining); however, a sizeable difference in the in-
vestigated frequencies is apparent. These results indicate the
potential impact that B‐cell isolation has on maturation in
response to stimulation in vitro.

In addition, the effects of QFN status and stimulation
conditions on B‐cell development were investigated. For
majority of the investigated populations, QFN status was
found to have no significant effect on the observed B‐cell
frequencies (Figure 3B). A general trend of decreased
frequencies for all populations was observed for QFN‐
negative individuals compared to QFN‐positive in-
dividuals. In accordance, a significant decrease in the ob-
served frequency of CD19+CD21+CD23+ (T2) B‐cells
(P= .0012) was observed for QFN‐negative individuals.

Furthermore, the effects of stimulation condition were
examined (Figure 3C). A common shift of increased B‐cell
frequencies was observed for most of the population sub-
sets investigated following TLR9a stimulation compared to
unstimulated controls. A significant increase in the fre-
quency of CD19+CD21+CD23− (MZ) B‐cells was observed
following TLR9a stimulation (P= .0000) and M. tubercu-
losis infection (P= .0000), compared to unstimulated cells.
Similarly, a significant increase in CD19+CD21+CD23+

(T2) B‐cells and CD19+CD21−CD23+ (FO) B‐cells was
observed in response to TLR9a stimulated compare to
unstimulated (P= .0000; P= .0061) and H37Rv stimulated
(P= .0000; P= .0198) samples, respectively. Contrariwise,
a significant decrease in CD19+CD21−CD23− (T1) B‐cells
was observed for samples stimulated with either TLR9a
(P= .0000) or H37Rv (P= .0000) compared to un-
stimulated controls.

4 | DISCUSSION

The standard application of isolated cell studies for the
investigation of cell function has proven to be invaluable;
however, these studies do not account for the multi-
faceted effects that surrounding cells types have on each
other in vivo. This cellular communication results in

FIGURE 3 Analysis of developmental B‐cell phenotypic frequencies. Following a 24‐hour stimulatory period, cells from each of
the stimulatory conditions, for all sample types, were collected and the B‐cell phenotypic frequencies determined using flow
cytometry. Notable, statistical significance was only investigated for whole blood and PBMC sample type as isolated B‐cell samples
for the respective QFN groups were pooled (according to stimulation condition) before flow analysis, due to inadequate cell numbers.
Whiskers denote 10 to 90 percentile. Statistical differences between culture conditions were calculated using a four‐way mixed‐model
ANOVA. Comparisons within groups were calculated using the Fisher's LSD post hoc test. A two‐way step‐up Benjamini, Krieger,
and Yekutieli false discovery rate (FDR) approach, with an FDR of 1% was used to correct for multiple testing. Statistical significance
is indicated by an asterisk, in which the P< .05 (*), P< .01 (**), and P< .001 (***). A, Effects of sample type on the developmental
state of B‐cells for all stimulation conditions. B, Effects of quantiferon (QFN) status on the developmental state of B‐cells across all
sample types and stimulation conditions. C, Effects of stimulation condition on the developmental state of B‐cells for all sample
types. ANOVA, analysis of variance; LSD, least significant difference; PBMC, peripheral blood mononuclear cells
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physiological events that shape the immune response to
various antigenic stimuli. In accordance, the purpose of
this pilot study was to determine the effect of micro-
environment complexity on B‐cell function and to de-
termine the significance of the use of isolated cell culture
techniques in studies inferring the role of B‐cells during
TB disease.

Recent research findings have signified the importance of
B‐cells duringM. tuberculosis infection, in which the absence
or impaired function of this immune cell type has been as-
sociated with poor disease prognosis.33‐37 For decades, the
primary function of B‐cells, apart from antigen presentation,
was considered to be antibody secretion, forming part of the
adaptive humoral response.38,39 These humoral immune re-
sponses were considered to be effective in controlling the
growth and survival of extracellular invading pathogens ex-
clusively. However, investigations analyzing the efficiency of
antibody‐mediated immunity against several intracellular
pathogens, including M. tuberculosis, have since disproven
this notion.40,41 In addition, studies have indicated non-
humoral B‐cell function, such as immune modulation
through receptor engagement and cytokine expression, as
key mechanisms by which these cells contribute to the suc-
cessful control ofM. tuberculosis infection.19,33,37 As such, the
influence of in vitro isolated cell culture studies on B‐cell
development and function is of great importance, as the
majority of current observational findings inferring the
physiological role of these cells during TB disease utilize
these techniques19,36 and form the foundation upon which
complex in vivo studies investigating potential TB drugs,
host‐directed therapies, and TB vaccines are based.

In this study, antibody profiles were assumed to be a
direct indication of the relative functional capacity of
B‐cells within the investigated samples. Notably, the
presence of circulating antibody within the plasma sam-
ples compromises the inference of B‐cell activity within
whole blood samples and is a limitation of the study.
Considerable changes in the immunoglobulin profile
were observed across the different sample types, in which
the relative percentage contribution of each of the mea-
sured isotypes, with the exception of IgG4, differed sig-
nificantly (Figure 1). The sample type, rather than
stimulation condition, had a significant effect on the
observed immunoglobulin profile. More specifically, a
significant decrease in the relative abundant of IgG1 was
observed following PBMC isolation compared to whole
blood samples, while a significant increase in the relative
abundance of IgG3 was found. The same pattern in the
immunoglobulin expression was observed when com-
paring isolated B‐cell samples with PBMCs. Importantly,
the observed “increase/decrease” in antibody levels is not
equivalent to the concentration of these isotypes within a
given sample but rather indicates the relative

immunoglobulin diversity within the cellular micro-
environment. The physiological implications of altered
immunoglobulin production have been extensively re-
viewed in several disease states, where deficiency has
been associated with increased susceptibility to bacterial
infection.42,43

Immunoglobulins are known to have a half‐life of
between 5 to 21 days.44,45 Thus, circulating levels of an-
tibodies were present within the plasma of whole blood
samples before stimulation, whereas cells within the
PBMC and isolated B‐cell fraction were incubated in
fresh media, containing no baseline antibody levels
(Figure 2A). This may have resulted in possible artefac-
tual observations in the relative reduction in im-
munoglobulin levels for whole blood samples compared
to PBMC and isolated B‐cell samples. As such, the sig-
nificance of the observed (Ig) decrease was only con-
sidered between PBMCs and isolated B‐cells. Collectively,
these results illustrated that isolation procedures pro-
foundly hindered the ability of B‐cells to secrete several
immunoglobulin isotypes; underscoring the fact that the
presence of additional cell types is required for aug-
mented B‐cell activation and function.

Research has implicated IgA and IgG as leaders in
protective anti‐TB humoral immunity.34,46,47 The exact
mechanisms by which these immunoglobulins achieve
the protective effect is still unknown, and further in-
vestigation into their cellular targets is needed to better
understand the role they play during TB disease.5

Investigation of isolated cell studies on B‐cells at the
site of infection may provide valuable insight into anti‐TB
immunity. Mechanisms by which T‐cells and dendritic
cell induce this process are directly through cell‐cell in-
teractions with adjacent B‐cells and indirectly through
the secretion of various soluble molecules.48,49 Studies
utilizing animal models to study anti‐TB humoral im-
munity in vivo and ex vivo analysis of human samples
from healthy and active TB participants have proved that
humoral responses do in fact aid in the defense against
M. tuberculosis infection.34,40,41 This further emphasizes
the need to validate experimental observations in several
independent experiments, utilizing different techniques
in health and disease.

The effect of sample type of B‐cell development was in-
vestigated via evaluation of the relative frequencies on T1,
T2, MZ, and FO B‐cells within each sample type following
antigenic stimulation (Figure 3). Interestingly, no significant
difference in the frequency of all B‐cell subsets was observed
between whole blood and PBMCs. The involvement of MZ
B‐cells in T‐independent early adaptive immune responses is
well established, in which increased plasma cell differentia-
tion and superior induction of Th1 expansion has been
shown by MZ B‐cells in comparison to FO B‐cells.50‐52
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As such, MZ B‐cells are regarded as primarily responsible for
protective humoral and effector T‐cell immune response. In
contrast, the activation of FO B‐cells occurs via T‐cell‐
dependant mechanisms and is thus involved in late immune
responses.53,54 These results indicate the potential impact of
cell isolation on B‐cell derived immune responses, in which
decreased frequencies of MZ B‐cells were found. Thus, im-
paired B‐cell development, as a result of diminished micro-
environment complex due to cellular isolation, may result in
the manifestation of inappropriate cellular responses to an-
tigenic stimulation in vitro.

The effect of stimulation condition (TLR9 vs H37Rv)
on immunoglobulin isotype abundance and B‐cell fre-
quencies was investigated. A general pattern of enhanced
B‐cell development indicated by the increase of MZ
B‐cells was observed following TLR9a stimulation. This
increase in MZ B‐cells can be linked to the increase in
IgG3 secretion observed following TLR9 stimulation.
According to the literature, MZ B‐cells have been shown
to exhibit an activated phenotype allowing their rapid
proliferation and differentiation into Ab‐producing cells,
preferentially secreting IgM and IgG via class‐switch
recombination.55,56 The observed results in response to
H37Rv stimulation are in agreement with previous
findings57 and indicate that M. tuberculosis challenge
evokes early nonhumoral B‐cell responses that may play
an important role in the host defense against M.
tuberculosis infection. These results underscore the ability
of B‐cells to actively respond to the M. tuberculosis chal-
lenge and suggest that B‐cells are involved in directing
and shaping the immune response during TB disease.

Our study demonstrates the influence that the micro-
environment complexity (ie, sample type) had a profound
impact on the activation and function of B‐cells. These
complex interactions underscore the basis for the use
isolated cell studies to investigate cellular function, in an
attempt to limit the degree of external factors influencing
the observed results. This allows for the assumption, with
complete certainty that the measured output for a cell
population is in response to a particular drug or stimulus.
However, it is important to remember that these isolated
interactions are not indicative of whole blood scenarios.58

Composite cellular interactions exist in vivo that may
drastically influence the function of the (B‐) cell type of
interest resulting in a different reaction of these cells to the
same drug or stimulus in whole organism.
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