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ABSTRACT

P3 is a murine IgM mAb that recognizes N-glycolylated gangliosides, glycolipids expressed on the cell membranes of 
most vertebrates. It also binds other self-antigens like sulfatides and has high homology with an antibody that recogniz-
es myelin oligodendrocytes. Previously it was demonstrated that P3 mAb is able to activate an idiotypic cascade involving 
autologous anti-idiotypic B and T cells, in the absence of adjuvant or carrier protein, despite being a self-protein. The 
anti-P3 idiotype response is mediated not only by CD4+, but also by CD8+ T cells. B-1a cells are the dominant B cell 
population during the early phases of development, when the idiotypic connectivity is established. Germline natural 
antibodies secreted by these cells play fundamental roles fighting infections and keeping the homeostasis. In this work, 
we show that the P3 mAb was able to recognize B-1a cells from naïve BALB/c mice. This antibody induced the overex-
pression of the activation markers CD25, CD69 and CD86, and increased the secretion of IgM and a mixed pattern of 
IFN-g, IL-4 and IL-10 cytokines by B-1a cells. The P3 mAb ability of activating the B-1a cells could contribute to its im-
munogenicity in the syngeneic model, further supporting its use as a tool to specifically target and stimulate B-1a cells.
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RESUMEN

P3, un anticuerpo monoclonal capaz de activar células B-1a. El P3 es un anticuerpo monoclonal murino 
de isotipo IgM, que reconoce a los gangliósidos N-glicolilados (un tipo de glicolípidos presente en la membrana 
celular de la mayoría de los vertebrados), a otros auto-antígenos como los sulfátidos y posee una alta homología 
con un anticuerpo que reconoce a la mielina de los oligodendrocitos. A pesar de ser una proteína autóloga, pre-
viamente se demostró que es capaz de activar una cascada idiotípica de células B y T CD4+ y CD8+ anti-idiotípicas 
en ausencia de adyuvantes o proteínas transportadoras. Las células B-1a son la población dominante durante las 
fases tempranas del desarrollo, cuando se establece la conectividad idiotípica, y los anticuerpos naturales de línea 
germinal secretados por estas células desempeñan un papel fundamental en la protección contra infecciones y el 
mantenimiento de la homeostasis. En este trabajo se demostró que el AcM P3 es capaz de reconocer a células B-1a 
de ratones BALB/c vírgenes. Este anticuerpo indujo en dichas células la expresión a altos niveles de los marcadores 
de activación CD25, CD69 y CD86, la secreción de IgM y un patrón mixto de las citocinas IFN-g, IL-4 e IL-10. La 
capacidad del AcM P3 para activar células B-1a puede contribuir a su inmunogenicidad en el modelo singénico y, 
además, ser usada como una herramienta para direccionar específicamente contra las células B-1a y estimularlas.
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Introduction
P3 is a monoclonal antibody (mAb) of IgM isotype, 
which recognizes N-glycolylated gangliosides and 
sulfatides, both self-antigens in mice. It was also re-
ported that the variable region of P3 is shared by the 
antibody A4ac, isolated from a mouse with experi-
mental allergic encephalomyelitis, which recognizes 
myelin oligodendrocytes [1]. The P3 mAb triggers 
a strong anti-idiotypic response in the syngeneic 
BALB/c mice model, even in the absence of adjuvant 
or carrier protein [2], which is not a common phenom-
enon [3]. Some authors have suggested that the IgM 
isotype or the presence of somatic hypermutations 
could be important factors to explain the immuno-
genicity of autologous immunoglobulins [4-6]. Cu-
riously, the immunogenicity of the P3 mAb idiotype 
has been demonstrated in the absence of any constant 
domain [7] and the P3 mAb variable region is coded 
by germline genes [8]. Therefore, the intrinsic proper-
ties of the P3 mAb idiotype and its capacity to interact 
with immune cells could explain the capacity of P3 to 
induce a strong anti-idiotypic response. 

Previously, we showed that both CD4+ and CD8+ T 
cells participate in the anti-P3 idiotypic response [9], 
in spite of the role of B cells remaining to be studied. 
Noteworthy, the variable region of the heavy chain 
(VH) of P3 mAb is germline and belongs to the Q52 
(VH2) gene family, which was previously observed 
in autoantibodies against gangliosides and frequently 
used by CD5+ B-1 lymphocytes (B-1a) [8,10]. B-1a 
cells are the main B cell population of peritoneal 
and pleural cavities in mice [11], and represent the 
dominant B cell population during the early devel-
opmental phases, when the idiotypic connectivity is 
established [12]. 

B-1a cells are characterized by different levels of 
expression of typical B lymphocyte lineage surface 
molecules, as B220 (CD45R)low, IgMhigh, IgDlow, CD19 
and CD43, but, unlike the B-2 cells, B-1a lack CD23 
and express CD5. B-1a cells also differ from splenic 
B-2 cells in their antibody repertoire, developmental 
pathway, BCR signaling [13] and show a higher ca-
pacity to activate T cells, preferentially to a Th1/Th17 
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phenotype [14-16]. A distinctive characteristic of B-1 
cells is the spontaneous secretion of natural antibod-
ies (nAbs). nAbs are usually of IgM isotype, coded 
by germline genes and have important functions both 
in the protection against pathogens and in the mainte-
nance of homeostasis [17].

Therefore, this work was aimed to study the capaci-
ty of P3 mAb to recognize and activate B-1a cells. Our 
results showed that P3 mAb is able to recognize a high 
percentage of mouse peritoneal B-1a cells, stimulat-
ing this population in vitro to secrete IgM and a mixed 
cytokine pattern. The P3 mAb capacity to interact 
with B-1a cells may contribute to the high immuno-
genicity seen for this mAb and its capacity to activate 
CD4+ and CD8+ T cells in the syngeneic model.

Materials and methods

Animals
BALB/c mice, female of 6-8 weeks old, were pur-
chased from the Center for Laboratory Animal Pro-
duction (Cenpalab, Havana, Cuba). Animals were 
housed and bred in a barrier maintained room accord-
ing to the guidelines stipulated by the Animal Subject 
Committee Reviews Board at the Center of Molecular 
Immunology (CIM, Havana, Cuba). The study was 
performed with the approval from CIM’s Institutional 
Animal Care and Use Committee and experiments 
were conducted in agreement with CIM’s institutional 
guidelines to avoid unnecessary animal suffering.

mAbs
The P3 mAb (IgM, k) recognizes NeuGc-containing 
gangliosides and sulphated glycolipids. It was isolated 
from BALB/c mice immunized with liposomes con-
taining NeuGcGM3 [18]. The P3 mAb was purified 
from ascitic fluid by gel filtration chromatography us-
ing a Sephacryl S-300 high-resolution column (Phar-
macia, Sweden). The column was equilibrated with 
PBS 1× (0.5 M NaCl, 2.7 mM KCl, 8 mM Na2HPO4, 
1.5 mM KH2PO4; pH 7.4). The 6E4 (IgM, k) anti-
mouse EGFR mAb, which is not immunogenic in the 
syngeneic model, was purified by the same methodol-
ogy and used as isotype control in all the experiments. 
Both purified mAbs were pyrogen-free products ac-
cording to results of the Gel-clot Endotoxin Testing 
(Pyrotell, EUA).

ELISA for IgM quantification
Solid phase ELISA was performed using 96-well 
polystyrene MaxiSorp microtiter plates (Nunc, USA). 
Plates were coated with 10 µg/mL of goat anti-mouse 
IgM serum (Sigma, USA) in coating buffer (11 mM 
Na2CO3, 35 mM NaHCO3; pH 9.6) and incubated 
over night at 4°C. Plates were blocked with PBS 
1× (0.14 M NaCl, 2.7 mM KCl, 8 mM Na2HPO4,  
1.5 mM KH2PO4, pH 7.4) plus 1 % BSA, for 1 h at  
37 °C. Then, plates were incubated with serial dilutions 
of purified IgM mAbs from 1:300 to 1:24 300. Purified 
mouse polyclonal IgM antibodies (Sigma, USA) were 
used in a range of 0.8 to 100 ng/mL for quantification 
purposes. Alkaline phosphatase-conjugated goat anti-
mouse IgM (Fcµ-specific; Jackson Immunoresearch 
Laboratories, USA) was used as secondary antibody at 
0.03 µg/mL. The reaction was developed with 1 mg/mL  

p-nitro-phenyl phosphate substrate (Sigma, USA) in 
diethanolamine buffer (pH 9.8). Five washes in PBS 
1× plus 0.05 % Tween 20 and 1 % BSA were car-
ried out between each ELISA step. The absorbance 
was measured at 405 nm in an iMark ELISA micro-
plate reader (Biorad, USA). The optical density (OD) 
values from the mAbs samples were analyzed using 
the Microsoft® Excel program, to determine a value 
of concentration by plotting the OD values into a  
commercial IgM standard curve (Sigma, USA).

Isolation of B-1a cells
Peritoneal washouts were obtained from naïve 
BALB/c mice and the B-1a cells were isolated by 
negative selection, using magnetic microbeads con-
jugated to a cocktail of biotin-conjugated antibod-
ies against non-B-1a cells as first labeling reagent  
(B-1a Cell Biotin-Antibody Cocktail) and Anti-Bio-
tin MicroBeads as secondary labeling reagent (Milt-
enyi Biotec, Germany), following the manufacturer’s 
instructions. The purity of the cell population was 
evaluated by flow cytometry, incubating the purified 
cells with anti-B220/FITC and anti-CD5/PECy5 (BD 
Bioscience, USA) for 20 min on ice. The binding was 
detected using a Gallios flow cytometer (8 Colors/2 
Lasers configuration; Beckman Coulter, USA) and 
analyzed by the Kaluza 1.2 software (Beckman Coul-
ter, USA). Binding was checked to be higher than  
90 % in all cases.

Recognition of B-1a cells by P3 mAb
In order to study the capacity of P3 mAb to recognize 
peritoneal B-1a cells, peritoneal washouts were ob-
tained from naïve BALB/c mice. Subsequently, 3 × 
105 cells were incubated for 20 min on ice with anti-
B220/FITC and anti-CD5/PECy5 (BD Bioscience), 
to identify B-1a cells, and 10 µg/mL of biotinylated 
P3 mAb or control IgM, followed by FITC-conjugat-
ed streptavidin (BD Biosciences, USA), all diluted in 
PBS 1× plus 1 % BSA. Binding was detected using 
a Gallios flow cytometer and analyzed by the Kaluza 
1.2 software (both from Beckman Coulter, USA). In 
order to determine whether the immunization with 
P3 mAb increased the number of recognized cells, 
BALB/c mice received in the flank one subcutaneous 
dose of 50 µg of the antibody, in 200 µL of PBS 1×. 
Three days afterwards, mice were sacrificed, the peri-
toneal washouts obtained and peritoneal B-1a cells 
tested for recognition by P3 or the control mAb as 
described.

Activation of B-1a cells by P3 mAb
To determine whether P3 mAb was able to activate 
B-1a cells, 3 × 105 B-1a cells were isolated as previ-
ously described and cultured in RPMI-1640 medium 
(Gibco, USA), supplemented with 10 % fetal calf se-
rum (FCS), sodium pyruvate, L-glutamine, 10 U/mL 
penicillin and 10 mg/mL streptomycin (Gibco, USA), 
for 72 h in the presence of 100 µg/mL of P3 mAb or 
an IgM isotype control (6E4 mAb, CIM, Cuba). The 
expression of B-1a cell activation markers was de-
tected by flow cytometry, after the incubation of cells 
with anti-CD25/PE, anti-CD69 (M1.2F3)/PECy7 
or anti-CD86/B7-2 (GL1)/PE for 20 min on ice, 
while the cell population phenotype was confirmed  
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using anti-B220/FITC and anti-CD5/PECy5 (all con-
jugates from BD Biosciences, USA).

Cytokine production was detected by intracellu-
lar staining. The cells were fixed and permeabilized, 
according to the manufacturer’s protocol, with BD 
Cytofix/Cytoperm Buffers and incubated with anti-
IFN-g/PE, anti-IL-4/PE and anti-IL-10/PE (BD Bio-
sciences, USA). The staining was detected using a 
Gallios flow cytometer and analyzed by the Kaluza 
1.2 software (Beckman Coulter, USA). In all cases, at 
least 10 000 events were acquired from lymphocytes 
in the B220+CD5+ region.

Detection of IgM secretion by ELISPOT
Peritoneal B-1a cells purified from BALB/c mice 
were incubated three days with 100 µg/mL of P3 
mAb or control Ab, in the culture medium described 
before. After extensive washing 10 000 cells were 
transfer to ELISPOT plates (Multi-Screen-IP Plates, 
Millipore), coated with 10 µg/mL anti-mouse IgM 
Ab (SouthernBiotech). After six hours at 37 °C  
under CO2 atmosphere, the plates were washed with 
PBS 0.02 % Tween 20 and the pots of secreted an-
tibodies were detected with 0.06 µg/mL alkaline 
phosphatase-conjugated goat anti-mouse IgM (Fcµ-
specific; Jackson Immunoresearch Laboratories). 
The reaction was developed with 2 % dimethylfor-
mamide, 0.4 mM 5-bromo-4-chloro-3-indolyl phos-
phate and 0.36 mM p-nitro blue tetrazolium chlo-
ride substrate (KPL, USA), diluted in buffer 0.1 M 
NaHCO3/1.0 mM MgCl2, pH 9.8. The number of 
spots were determined using the Phoretix Expression 
software (NonLinear Dynamics, United Kingdom), 
filtering for circularity, peak height, volume and  
area.

Statistical analysis
In each experiment values were obtained in triplicate 
and figures shown one result representative of at least 
twice independent experiments. The differences be-
tween two groups were evaluated by Mann-Whitney 
U test. The differences were considered significant 
when p ≤ 0.05. All statistical tests were one-tailed, 
and conducted using SSPS for Windows version 
19.0.0.1 software.

Results

B-1a cells recognition by P3 mAb
The capacity of P3 mAb to recognize peritoneal B-1a 
cells obtained from naïve BALB/c mice was assessed 
by flow cytometry. P3 mAb specifically recognized 
up to 19 % of peritoneal B-1a cells, suggesting dif-
ferent clones are involved the interaction (Figure 1A 
and B). To determine whether a previous immuni-
zation would increase the percentage of recognized 
B-1a cells, the binding of P3 to peritoneal B-1a cells 
was analyzed three days after BALB/c mice were im-
munized with one dose of 50 µg of P3 mAb or the 
control IgM. There were no differences between the 
percentages of peritoneal B-1a cells recognized by 
P3 mAb from immunized or naïve mice (Figure 1 C 
and D). This suggested that P3 mAb immunization 
does not induce B-1a cells proliferation, which has 
been previously reported for other antigens recog-
nized by this B cell population [19].

Evaluation of P3 mAb capacity to activate  
B-1a cells
Next, we wanted to know whether P3 mAb was able 
not only to recognize, but also activate B-1a cells. 

19. Morris DL, Rothstein TL. Abnormal 
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Figure 1. The P3 mAb is capable to recognize peritoneum B-1a cells. A and B) Representative contour and column graphs of P3 mAb 
or control IgM recognition of B-1a cells (B220+CD5+) obtained from the peritoneum of naïve mice. C and D) Representative contour 
and column graphs of B-1a cells from the peritoneum of mice immunized with P3 mAb. BALB/c mice were incubated with biotinyl-
ated P3 or IgM mAbs. The percentages of recognized cells were evaluated by flow cytometry using Fluorescein isothiocyanate (FITC)-
conjugated streptavidin. Columns represent means ± SD of the values obtained from a meta-analysis of three independent experiments.  
* p < 0.05 (Mann-Whitney U test).
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With this aim, the expression of activation markers on 
the surface of naïve B-1a cells was tested after in vitro 
incubation with P3 mAb. As shown in figure 2, the 
culture of naïve peritoneal B-1a cells with P3 mAb 
during three days induced a higher percentage of B-1a 
cells expressing the activation markers CD25, CD69 
and CD86 (1.6, 2.1 and 1.4 fold change, respectively), 
in comparison with the cells cultured with the control 
antibody. In addition, we tested IFN-g, IL-10 and IL-4 
cytokine production by naïve peritoneal B-1a cells 
by intracellular staining, after three days in culture 
with the P3 mAb. Compared to cells cultured with the 
control IgM, the presence of P3 mAb increased the 
percentages of B-1a cells producing all the cytokines 
tested, suggesting this mAb induces a mixed cytokine 
pattern (Figure 3). 

Since a hallmark of B-1a cells is their capacity to 
spontaneously secrete IgM antibodies [17, 20], we 
evaluated whether the P3 mAb has the capacity to in-
duce a higher level of IgM secretion by these cells. 
Peritoneal B-1a cells from naïve BALB/c mice were 
incubated three days with P3 mAb and the IgM secre-
tion by B-1a cells was measured by ELISPOT. As is 
shown in figure 4, the P3 mAb was able to induce a 
significant increase in the number of spots of IgM se-
creting B-1a cells.

Discussion
P3 is a monoclonal antibody with the ability to induce 
a strong anti-idiotypic response in the absence of adju-
vant or carrier protein in the syngeneic model, which 
is not a frequently observed phenomenon [3, 21, 22]. 
It also recognizes other self-molecules like sulfatides 
[18]. Our group previously showed that P3 is able to 
activate idiotypic networks that involve not only B 
but also T cells [23]. In fact, it was also proved that 
CD4+ but also CD8+ T cells were indispensable for P3 
to induce an anti-idiotypic response [9]. The variable 
region of P3 mAb is encoded by genes in the germ-
line and belongs to the VHQ52 family (VH2) [8], a 
feature it shares with other anti-ganglioside antibodies 
[24-26]. This VH family is frequently used by B-1a 
cells, which recently were also proved to be able to 
secrete anti-NeuGcGM3 antibodies [27]. Since B-1a 
is the dominant B cell population in the neonatal pe-
riod, when the idiotypic networks are established [17], 
and due to its ability to strongly activate T cells [14-
16], we studied whether P3 mAb was able to interact  
with B-1a.

P3 mAb was able to recognize in vitro up to 19 % 
of peritoneal B-1a cells, suggesting this antibody re-
cognizes clones with different specificities. This could 
be explained by the existence of a regulatory idiotope 
in the variable region of P3 mAb, as was proposed by 
Pérez et al. [23]. The percentage of recognized B-1a 
cells did not increased with P3 mAb immunization, 
evidencing that this antibody does not induce B-1a 
cell proliferation in vivo. This was in agreement with 
previous reports for other antigens recognized by this 
B cell population [19].

Interestingly, in addition to recognizing peritoneal 
B-1a cells, P3 mAb was able to activate this popula-
tion in vitro, without the mediation of any other cell 
population, increasing the percentage of cells expres-
sing the activation markers CD25, CD69 and CD86. 
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Although the role of B cells in the immune response is 
usually framed in its capacity to secrete antibodies, B 
cells are professional antigen presenting cells [28-30]. 
Specifically B-1a cells constitutively express high le-
vels of MHC-II and co-stimulatory molecules CD80 
and CD86 [31], and several studies have demonstra-
ted their ability to present antigens to T lymphocytes 
[15, 16]. The culture with P3 mAb also increased the 
percentage of B-1a cells producing IFN-g, IL-4, and 
IL-10, a mixed cytokine pattern, reinforcing the idea 
that several B-1a clones are simultaneously activated. 
In our case, the percentage of IFN-g+ B-1a cells was 
higher than IL-4+ or IL-10+ cells, suggesting the in-
duction of a predominant Th1 response. This is con-
sistent with previous reports showing a preferential 
polarization to Th1/Th17 by B-1a cells [14]. Our re-
sults suggest that B-1a cells could mediate the idioty-
pic interactions between B and T cells induced by this 
mAb in the syngeneic model.

The activation with P3 mAb in vitro also induced 
a higher percentage of B-1a cells secreting IgM, a 
fundamental role of these cells [32, 33]. Notewor-
thy, natural antibodies (nAbs) secreted by B-1a cells 
are the first barrier against pathogens, especially 
relevant before the establishment of a specific im-
mune response [33]. Despite their low affinity, these 
antibodies can directly neutralize early replication 
of pathogens [34,35] or activate the complement 
cascade [36]. nAbs also keep the homeostasis by the 
removal of dead cells, oxidized and transformed epi-
topes [37,38]. Additionally, natural IgMs have been 
related with enhanced IgG response by B-2 cells 
[39,40]. nAbs frequently also cross-react with self-
antigens, including other antibodies [41,42]. It would 
be important to study the specificities of the B-1a cells 
activated by P3 mAb. To our knowledge, this is the 

first report of a monoclonal antibody with the capac-
ity to recognize, activate and stimulate B-1a cells to 
secrete nAbs. Further studies are required to confirm 
this potentiality in vivo. Moreover, the P3 mAb could 
be used as a tool to specifically stimulate this popula-
tion in instances where B-1a cells and nAbs could be 
crucial, like immunodeficiency and atherosclerosis, 
among others [43-45].
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Figure 4. P3 mAb has the ability to stimulate IgM secre-
tion of B-1a cells. B-1a cells from naïve BALB/c mice 
(C) were incubated three days with 100 µg/mL of P3 
mAb or IgM isotype control. The IgM secretion was 
determined by ELISPOT assay after six hours incuba-
tion. Representative ELISPOT wells are shown. Columns 
represent means ± SD of the values obtained in trip-
licate, * Statistically significant differences (p < 0.05; 
Mann-Whitney U test). Each graph is representative of 
two independent experiments. LPS: lipopolysacharide 
positive control treatment.
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