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Abstract: Nuclear factor-kappa B (NF-κB) involves fundamental biological processes, and its activation is crucial to 
the immune system. NF-κB is reported to regulate B-cell development, maturation, and immune response. When B 
cells are activated, NF-κB enters the nucleus and begins to transcribea series of downstream target genes. Thus, 
NF-κB translocation may serve as a biomarker for B-cell activation. In this study, we describe a quantitative ap-
proach to visualize NF-κB nuclear translocation by confocal microscopy to depict B-cell activation in peripheral 
blood mononuclear cells (PBMCs). Moreover, we optimized this method by adjusting permeabilization parameters 
and ahighly absorbed second antibody. We found that the presence of T cells in PBMCs enhances B-cell activation 
without affecting the activation itself, making this approach convenient since B cells do not need to be isolated 
from PBMCs. In conclusion, measurement of NF-κB translocation with use of confocal microscopy to document the 
activation of B cells provides a convenient and reliable alternative approach inclinical investigations to detect B-cell 
activation in B cell-related diseases.
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Introduction

Nuclear factor-kappa B (NF-κB) is a family of 
transcription factors that is involved in funda-
mental biological processes including inflam-
mation, apoptosis, stress response, cell sur-
vival, angiogenesis, and immunity [1]. Moreover, 
NF-κB plays an important role in both innate 
and adaptive immunity, in the regulationof 
immune cell differentiation and proliferation, 
and in immune responses [2].

In mammals,the five members of the NF-κB 
family include p50 (NF-κB1), p52 (NF-κB2), p65 
(RelA), c-Rel, and RelB. Members of the NF-κB 
family share aRel homology domain in their 
N-terminus, forminghomodimers or heterodi-
mers [3]. Among these members, p65 is 
expressed by most cells whose phosphoryla-
tion is crucial for the activation of NF-κB [4]. 
NF-κB/Rel dimers are able to regulate the 
immune system in various kinds of immune 
cells by initiating target gene expression. In 

most cases, NF-κB complexes are not active. In 
its resting form, NF-κB resides in the cytoplasm, 
complexed with physiological inhibitors called 
IκBs [5]. When cells are activated, IκB is phos-
phorylated and degraded, allowing NF-κB to 
enterthe nucleus to modulate target genes 
transcription [6].

B lymphocytes and their antibodies are the prin-
cipal source of specific humoral immunity 
response to most pathogens [7]. Deregulation 
of B cells leads to autoimmune disease and 
malignancy [8]. The role of NF-κB has been well 
studied in the immune system with regard to 
the development, maintenance, and immune 
response [2, 3]. Previous studies have demon-
strated that NF-κB regulates various aspects of 
B-cell differentiation, maturation, and response 
[3]. In B cells, both B-cell receptor (BCR) and 
Blymphocyte stimulator (BLyS, also called 
BAFF) signaling results in the activation of 
NF-κB [8]. In multiple myeloma, overexpression 
of BAFF causesthe constitutive activation of 
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NF-κB in malignant B cells [9]. NF-κB plays an 
important role in B-cell pathophysiological cir-
cumstances, such as inflammation disease, 
autoimmunity, B-cell malignancies, and immu-
nodeficiency [2]. Thus, a sensitive, reliable, and 
quantitative approach for detecting B-cell acti-
vation is urgently needed for early diagnosis 
and detection of onsetin B cell-mediated dis-
eases. In fact, several other methods have 
been tried in the detection of NF-κB transloca-
tion, including electrophoretic mobility shift 
assay (EMSA), flow cytometry, and Western 
blotting [10, 11]. These approaches have 
advantages and shortcomings; most of them, 
however, are not quantitative, and neither 
EMSA nor Western blottingcan analyze NF-κB 
translocation at the cellular level. Flow cytome-
try analysis can be quantitative; however, the 
purification of nuclei for NF-κB staining might 
change the binding capacity to antibody due to 
changes in the nuclear epitopes. This study 
describes a method for directly measuring 
NF-κB activation by quantifying nuclear translo-
cation of NF-κB in activated B cells with use of 
confocal-based image analysis.

Materials and methods

Peripheral blood mononuclear cell preparation 
and culture

This study was approved by the Ethics 
Committee of Shanghai Chest Hospital (affiliat-
ed with Shanghai Jiao Tong University); whole 
blood for the study was obtained from healthy 
volunteers who provided written informed con-
sent. The whole blood was added to Ficoll-
PaquePLUS medium (GE Healthcare Bio-
Sciences AB, Uppsala, Sweden), and human 
primary peripheral blood mononuclear cells 
(PBMCs) were isolated with use of density gra-
dient separation. PBMCs were cultured for 
exponential growth at 37°C in a humidified 
atmosphere of 5% CO2 in airat a density of 106 
cells/mL in RPMI 1640 growth medium 
(BioChrom Corp., Miami, FL) supplemented 
with penicillin (100 U/mL), streptomycin (100 
U/mL), L-glutamine (2 mM), interleukin-2 (IL-2) 
(30 U/mL) (All Life Technologies GmbH, 
Darmstadt, Germany), and 10% fetal bovine 
serum (Pan Biotech, Aidenbach, Germany).

Cell stimulation

For the unactivated condition, we cultured 106 
cells with 1 mL RPMI 1640 growth medium 

without goat anti-human IgM. For the activated 
condition, we cultured 106 cells/mL with RPMI 
1640 medium containing varying concentra-
tions of goat anti-human IgM (Jackson Im- 
munoResearch) or 20 ng/mL PMA (phorbol 
12-myristate 13-acetate), and 1.5 μM io- 
nomycin. We then incubate the cells for 2 hours 
at 37°C in a humidified atmosphere of 5% CO2 
in air.

Immunofluorescence staining and confocal 
microscopy to detect translocation of NF-κB

Cells were washed with phosphate-buffered 
saline (PBS) three times and then attached to 
Alcian blue-coated coverslips, fixed with 2% 
UltraPure formaldehyde (Polysciences Inc.) for 
40 minutes, and then washed twice with PBS. 
Nonspecific antibody binding was prevented 
with 5% goat serum. Cells were stained with the 
primary mouse anti-human CD19 antibody (BD 
Pharmingen, San Jose, CA) for 20 minutes. 
After the coverslips were washed with blocking 
buffer, they were stained with secondary anti-
bodies labeled with highly cross-absorbed 
Alexa Fluor 568 (1:500 dilution, Invitrogen, 
Grand Island, NY) for 15 minutes and washed 
with blocking buffer. After completing extracel-
lular staining, we permeabilized the cells with 
blocking buffer containing 0.4% Triton X-100 
(Invitrogen, Grand Island, NY), implementing a 
change in the sequence of permeabilization, 
which improved the inter-experimental variabil-
ity [10]. We then added rabbit anti-human NFκB 
p65 antibody (Santa Cruz Biotechnology, Santa 
Cruz, CA) containing 0.4% Trion X-100 to the-
cells in the blocking buffer; 1 hour later, we 
added a second antibody, goat anti-rabbit IgG 
labeled with Alexa Fluor 488 (1:1000 dilution, 
Invitrogen, Grand Island, NY) and washed the 
cells with blocking buffer. We mounted the cells 
to a coverslip with a drop of Vectashieldmounting 
medium (Vector Laboratories, Burlingame, CA)
and then stored the coverslips at 4°C until anal-
ysis by confocalmicroscopy. Digital images 
were generated by Carl Zeiss Laser Scanning 
System LSM510. NF-κB Alexa Fluor 488 was 
excited by a 488-nm laser, and CD19 AlexaFluor 
568 was excited by a 561-nm laser. Results 
were reviewed with use of Zeiss LSM Image 
Examiner software.

Statistical analysis

At least 100 cells stained with CD19 were 
counted for NF-κB translocation analysis for 
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each condition (resting or activated). The per-
centage of CD19+ B cells with nuclear staining 
of NF-κB was recorded as activated condition. 
Results are shown as median ± SEM. Data 
analysis and graph presentation were per-
formed with GraphPad Prism® statistical analy-
sis software.

Results

Nuclear translocation of NF-κB in B cells after 
activation

PBMCs were incubated in the absence or pres-
ence of anti-IgM antibody for 2 hours. CD19 

Figure 1. Nuclear translocation of NF-κB after B-cell activation. Unstimulated PBMCs and cells stimulated with 20 
ng/mL PMA with 1.5 µM ionomycinfor 3 hours at 37°C, 5% CO2. Nuclear localization of NF-κB with stimulation is 
observed by confocal microscopy. 

Figure 2. Nuclear translocation of NF-κB after B-cell activation quantified by imaging flow cytometry. A. Unstimu-
lated PBMCs and cells stimulated with anti-human IgM antibody. Nuclear localization of NF-κB with stimulation is 
observed by confocal microscopy. B. PBMCs collected from healthy donors are stimulated with increasing dilutions 
IgM antibody for 3 hours. B-cell activation is examined. Data are shown as mean ± SEM for five independent experi-
ments.
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was used as a B-cell marker. NF-κB was strong-
ly expressed in resting B cells and was primarily 
distributed near the cell membrane. On activa-
tion with PMA plus ionomycinstimulation, NF-κB 
moved into the nucleus (Figure 1) and took part 
in B-cell activation. Our results showed thatnu-
clear translocation of NF-κB indicates B-cell 
activation intuitively. To further confirm this 
result, we activated B cells with 5 ìg/mL anti-
IgM antibody instead of PMA plus ionomycin 
and obtained similar results (Figure 2A). To test 
the sensitivity of this method, we determined 
the dose-dependent change of NF-κB in B cells 
from PBMCs after exposure to a titration range 
of anti-IgM antibody. Approximately 4% of rest-
ing B cells showed induced NF-κB transloca-
tion. When stimulated with increasing anti-IgM 
antibody, the percentage of NF-κB transloca-
tion in B cells increased from 10% to 60% in a 
dose-dependent manner (Figure 2B). The 
results also showed that nuclear translocation 
of NF-κB may serve as a biomarker for B-cell 
activation on anti-IgM antibody stimulation.

Time of permeabilization and choice of fluores-
cent dye are crucial for reliable and quantita-
tive determination of NF-κB nuclear transloca-
tion

Previous studies described various methods of 
fixation and permeabilization for microscopic 
studies. We optimized several critical steps of 
the methods, particularly the permeabilization 
sequence and fluorescent dye choice. We found 
that permeabilization after incubating with the 
CD19 antibody improved staining results 
(Figure 3A). In addition, the choice of fluores-
cent dye is important since use of highly cross-
absorbed goat anti-mouse Alexa Fluor 568 
instead of regular goat anti-mouse Alexa Fluor 
568 significantly reduced the probability of 
false-positive staining (Figure 3B).

T cells in PBMCs do not affect the B-cell activa-
tion tendency

CD19 serves as an important co-receptor in B 
cells to reduce the threshold for activation 

Figure 3. Time of permeabilization and choice of fluorescent dye are crucial for optimal staining results. A. PBMCs 
were incubated with CD19 antibody before or after permeabilization and then were visualized with use of confocal 
microscopy. Two different second antibodies to CD19-highly cross-absorbed goat anti-mouse. B. Alexa Fluor 568 
and regular goat anti-mouse Alexa Fluor 568-were used after the first antibody incubation.



Quantitative measurement in human activated B cells

7227 Int J Clin Exp Pathol 2016;9(7):7223-7229

when BCRs are stimulated by antigen [8]. To 
determine whether CD19 stimulation has an 
effect on B-cell stimulation, PBMCs were stimu-
lated for 2 hours with anti-CD19 antibody. We 
found that CD19 stimulation alone had no 
effect on B-cell activation (Figure 4A). Our 
results showed that the presence of T cells 
enhances B-cell activation via co-culture of T/B 
cells (Figure 4B), which is consistent with previ-
ous studies. We speculated whether T cells in 
PBMCs have any effect on the detection of 
B-cell activation, and therefore compared total 
lymphocytes from PBMCs with T cell-depleted 
lymphocytes stimulated by anti-IgM antibody. A 
dose-dependent enhancement of activated B 
cells was observed with increasing anti-IgM 
antibody concentrations of up to 30 μg/mL, 
both in total lymphocytes and in T cell-depleted 
lymphocytes. These results showed that the 
presence of T cells enhances activation without 
impacting the activation in B cells.

Discussion

When exposed to an antigen, a naïve B cell 
experiences multiple steps, from a resting form 
to an activated form. Clonally activated B cells-

differentiate into plasma cells to release anti-
bodies that react with invading pathogens.  
This maturationoriginates at BCRs through the 
NF-kB and other signaling pathways, finally 
resulting in downstreamgene expression [12, 
13]. Both BCR and BAFF-R signaling will acti-
vate NF-κB, and both pathways have synergis-
tic effects of proliferation and maintenance of 
B cells [14]. Furthermore, BAFF and NF-κB were 
found to form a positive-feedback loop to pro-
mote B-cell survival and neoplastic B-cell prolif-
eration. NF-κB also regulates the expression of 
cytokines such as IL-6 in B cells, which play a 
pivotal role in inflammation [2]. It is possible to 
control and measure the activity of NF-κB as a 
potential therapeutic and diagnostic target for 
autoimmune disease, chronic inflammation, 
and malignancy [6].

Numerous reports have described measure-
ment of NF-κB translocation [10, 11, 15]. Our 
study defined the optimal conditions for mea-
suring NF-κB translocation of B cells in PBMCs 
with use of confocal microscopy. On stimula-
tion with anti-IgM antibody or PMA/ionomycin, 
B cells are activated along with NF-κB translo-
cation. A dose-response effect of NF-κB trans-

Figure 4. Effect of T cells in PBMCs on B-cell acti-
vation tendency. A. PBMCs were stimulated for 2 
hours with anti-IgM antibody and then incubated 
with CD19 antibody. B. B cells and T cells isolat-
ed from PBMCs by cell sorting were co-cultured 
at the indicated ratios. B-cell activation was ex-
amined. Data are shown as mean ± SEM for five 
independent experiments. C. Total lymphocytes 
and T cell-depleted lymphocytes from PBMCs 
were stimulated with increasing dilutions of IgM 
antibody. B-cell activation was examined. Data 
are shown as mean ± SEM for five independent 
experiments.
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location after 2 hours of stimulation with goat 
anti-human IgM antibody has been observed, 
starting with 1 µg/mL anti-human IgM antibody, 
and peaked at 15 µg/mL. We also determined 
the stimulation of PMA/ionomycinon NF-κB 
activation and observed significantly enhanced 
nuclear translocation of NF-κB compared with 
that of anti-IgM stimulation alone, confirming 
previously published reports [16]. Different 
from other methods, confocal microscopic 
analysis can be used to determine the percent-
age of B-cell activation based on NF-κB translo-
cation at the single-cell level, making this meth-
od practical and easy in certain clinical 
settings.

Fixation and permeabilization, the key steps by 
which antibodies enter cells, are needed tovisu-
alize NF-κB translocation. We confirmed that 
fixation by formaldehydetreatment enables the 
visualization of NF-κB in either the cytoplasm or 
the nucleus. We also compared permeabiliza-
tion before and after incubating the CD19 anti-
body. The data showed that permeabilization 
after incubating the surface marker CD19 ren-
dered much better staining of CD19 due to the 
intact cell membrane, which facilitated accu-
rate assessment. Moreover, the sequence of 
permeabilization had no influence on the stain-
ing effect of NF-κB. Choosing optimal primary 
antibody and secondary fluorescent antibody is 
critical. The use of highly cross-adsorbed goat 
anti-mouse Alexa Fluor 568 (second antibody) 
significantly reduced the probability of false-
positive results. Optimization of experimental 
conditions better reflects the true condition of 
the cells. Because CD19 is the surface mole-
cule of B cells coupled with BCR, to avoid false-
positives during the staining procedure, we 
determined whether CD19 alone would acti-
vate B cells with regard to the translocation of 
NF-κB. Results showed that CD19 did not 
induce the translocation of NF-κB in B cells, 
indicating the reliability of the assay.

PBMCs are heterogeneous cells that consist of 
lymphocytes, monocytes, and macrophages. B 
cells get assistance from T cells to activate and 
secrete antibodies [17]. Cytokines from acti-
vated T cells, including IL-2, IL-4, IL-5, IL-6, IL-10, 
IL-21, and IFNs, enhance the activation and dif-
ferentiation of B cells [18]. Our results also con-
firmed that the presence of T cells enhances 
B-cell activation. Dose-dependent enhance-
ment of B-cell activation was observed with 

increasing anti-IgM antibody concentrations in 
both total lymphocytes and T cell-depleted lym-
phocytes. Therefore, there is no need to isolate 
B cells from PBMCs because the revised meth-
od reported here can detect the activation of B 
cells in the presence of T cells and other cells, 
thus providing a more convenient and faster 
method for clinical investigations.

In conclusion, the visualization of NF-κB by con-
focal microscopy provides clinical investigators 
witha potential approach for detecting B-cell 
activation in B cell-related diseases.
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