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Abstract: Lycopene is a hydrocarbon-carotenoid commonly found in red fruits intake 
with major function correlated to antioxidative capacity in several pathological 
conditions, including cancer and cardiovascular diseases. Recently, lycopene has been 
associated with hematopoiesis, although the effects on B lymphocyte differentiation 
and antibody production are poorly understood. In this work, the principal aim was to 
investigate whether lycopene affects B lymphopoiesis and terminal differentiation into 
plasma cells. Distinct in vivo and in vitro strategies based on lycopene supplementation 
were used direct in Balb/c mice or in culture systems with cells derived of these mice. 
In the bone marrow, lycopene expanded B220+IgM- progenitor B cells and B220+IgM+

immature B lymphocytes. In the spleen, lycopene induced terminal CD138+ plasma cell 
generation. In the blood, we found prominent IgA and low IgM levels after lycopene 
administration. Interestingly, the pattern of peritoneal IgM+ and IgA+ B cells indicated 
a signifi cant IgM-to-IgA class switching after lycopene injection. These data indicated 
that lycopene induces B cell differentiation into IgA-producing plasma cells. Thus, a new 
cellular function has been attributed to lycopene for B lymphocyte biology and possibly 
associated with humoral responses and mucosal immunity.
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INTRODUCTION
Lycopene is a hydrocarbon which belongs 
to carotenoid family found in red fruits and 
vegetables with antioxidant functions on cancer 
progression and cardiovascular diseases (Saini et 
al. 2020). The food consumption is predominantly 
based on tomato intake and cellular absorption 
of lycopene is essentially associated with 
maintenance of serum concentration. Its 
average consumption includes 5 to 7 mg/day in 
developed countries (Cruz Bojorquez et al. 2013). 
Although numerous biological effects have been 
described in distinct experimental and clinical 
conditions, the role of lycopene on B lymphocyte 

differentiation and antibody production are 
poorly understood.  

In the bone marrow, subpopulations 
of B lymphocytes are hallmarked by 
specific phenotypes, including Pre-Pro-B 
cells (B220lowCD19-IgM- cells), Pro-B cells 
(B220 lowCD19 lowIgM- cel ls ) ,  Pre-B cel ls 
(B220lowCD19lowIgM-/Low cells) and Immature B 
cell (B220highCD19highIgMLow cells). This last stage 
of bone marrow differentiation is characterized 
by cells that move to secondary lymphoid 
organs, including spleen and lymph nodes. 
Then, these cells proliferate (clonal expansion) 
and differentiate into CD138+ Immunoglobuling 
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(Ig)-secreting plasma cells (Eibel et al. 2014, Lim 
et al. 2017).

IgM is the first humoral line of body protection 
and normally represent 10% of total subtypes 
(Savage & Baumgarth 2015). On the other hand, 
IgA drives mucosal immune responses (Cerutti 
2010). B lymphocytes expressing IgM (IgM+ B cells) 
can secrete IgG, IgE or IgA after appropriate Ig-
class switching (Stavnezer & Schrader 2014). IgM-
to-IgA class switching is hallmarked by CD138-

B220+IgM+IgA- B lymphocytes that differentiate 
into CD138+B220+IgM+IgA+ plasmablasts and, 
subsequently, CD138+B220-IgM-IgA+ plasma cells 
(Kunisawa & Kiyono 2012, Shikina et al. 2004). For 
the first time, the involvement of lycopene has 
been investigated at this context using in vitro 
and in vivo distinct strategies. Here, we found 
that lycopene induced B cell differentiation 
directly associated with prominent levels of IgA 
and low levels of IgM in the serum of lycopene-
supplemented mice, indicating a new function 
by regulating IgM-to-IgA class switch during B 
lymphocyte differentiation.

MATERIALS AND METHODS
Mice
Male BALB/c mice aging 2 to 4 months were 
obtained from the Federal University of Rio 
de Janeiro (Brazil). The experimental protocols 
involving mice were in accordance with 
guidelines provided by Brazilian College of 
Animal Experimentation (CONCEA - Conselho 
Nacional de Controle de Experimentação 
Animal) and approved by the Animal Ethics 
Committee (CEUA, Comissão de Ética no Uso de 
Animais) of Federal University of Rio de Janeiro, 
Brazil (protocol number DAHEICB009). Five mice 
per experimental group were used in this work.

Bone marrow and splenic cell suspensions
Bone marrow cells were obtained by “flushing” 
in the femur ejecting the marrow content with 
needle and syringe with RPMI 1640, pH 7.4, 10% 
fetal bovine serum (LGC, Sao Paulo, Brazil). 
Spleen was removed after opened peritoneal 
cavity and splenocytes were isolated by ex 
vivo standard mechanical procedures and 
washed twice with PBS, pH 7.4, containing 3% 
FBS. Both cell suspensions were quantified by 
hemocytometer. Erythrocytes were lysed with 
hypotonic solution.

Lycopene supplementation
For in vitro studies, bone marrow and splenic 
cells were adjusted to 5x105 cells per 2 ml of 
RPMI 1640, pH 7.4, 10% FBS in 6-well plates at 
37oC and 5% CO2 atmosphere. Water-soluble all-
trans lycopene (10%) was provided by Roche 
(Rio de Janeiro, Brazil), dissolved in water at 
50°C and adjusted to 1uM, 5uM and 10uM. The 
culture medium was restored every 48h to 
maintain 2mL as final volume and concentration 
of lycopene. On day 5 of treatment, cells treated 
with lycopene were collected to analysis. Control 
groups were maintained in medium alone. For 
in vivo studies, lycopene 5µM (2.68 µg/mL) was 
daily administrated by intraperitoneal injection 
adjusted to 300 µL (final volume) continuously 
for 2 weeks. Control mice receipt distilled water 
(vehicle) at same final volume. 

Flow cytometry – phenotypic analysis
Bone marrow and splenic cells were adjusted 
to 1x106 cells/mL. Before fluorescent-antibody 
staining, Fc receptors were blocked by Fc-
IgG blocker (clone 2.4G2, Cell Bank of Rio 
de Janeiro, Brazil). Subsequently, cells were 
incubated with monoclonal antibodies for 30 
minutes and unbound antibodies are washed 
with PBS. Monoclonal antibodies: anti-IgM FITC; 
anti-CD138 and anti-IgA PE; anti CD19 PE-Cy5.5; 
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anti-B220 APC (BD Bioscience, CA, USA). Samples 
were acquired and analyzed in FACScalibur flow 
cytometer (BD Bioscience) by Cell Quest Pro.  

Flow cytometry – cell viability
Bone marrow cells (1x106 cells/mL) were treated 
with 5µM and 10µM of lycopene for 5 days and 
stained with Annexin-V FITC and propidium 
iodide (PI) following manufacturer instructions 
(BD Bioscience). Cytotoxicity was evaluated 
as follow: early apoptosis (Annexin-V+PI-) and 
late apoptosis (Annexin-V+PI+). Viable cells are 
double-negative (Annexin-V-PI-). Samples were 
acquired and analyzed in FACScalibur flow 
cytometer (BD Bioscience) using software Cell 
Quest Pro.

Optical microscopy
Cell suspensions were adjusted to 200ul from 
the 5.0x104 cells/mL solution to centrifugation 
at 36g for 3 minutes on glass slides (Thermo 
Scientific, USA). Samples were fixed in methanol 
and allowed to dry for 24 hours and stained by 
May-Grunwald & Giemsa method (el-Cheikh et 
al. 1991). Images were acquired using an Olympus 
CKX41 microscope with a Q-Color 3 (Olympus, 
USA) camera and Q-Capture software.

Immunocytochemistry
Splenic cells treated with lycopene (and respective 
control) were centrifuged onto glass slides 
coated with poly-L-lysine, fixed in methanol and 
allowed to dry for 24 hours at room temperature. 
After inhibition of endogenous peroxidase, 
cytosmears were incubated for 1h with 0.01M 
PBS containing 5% BSA, 4% skim milk, 0.1% Triton 
x-100 (Sigma Aldrich, USA), 0.05% Tween-20, and 
10% normal goat serum and incubation with 
purified rat IgG anti-CD138 (BD Biosciences, 
USA), at 1:1800 in PBS 3% BSA) for 4h at 4°C in 
a humid chamber. Antibodies were detected 
with a biotinylated anti-rat IgG (BA-4001, Vector 

Laboratories, USA) and developed with avidin-
peroxidase (1:100 in PBS) (Sigma Aldrich, USA), 
using diaminobenzidyne (DAB) as chromogen 
diluted 1:50 in original diluent following 
manufacturer (Dako/Agilent, USA). Slides were 
counterstained with Harris’hematoxylin. Bright-
field pictures were acquired using an Evolution 
MP 5.0 RTV Color camera (Media Cybernetics, 
Canada). As negative controls, specimens were 
incubated with non-immune rat serum instead 
of anti-CD138. 

ELISA
The serum of mice supplemented with 
lycopene were collected on day 14 of treatment 
and analyzed individually by enzyme-linked 
immunosorbent assay (ELISA) according to 
the manufacturer’s instructions (Mabtech, 
Sweden). The optical density was measured by 
an ELISA microplate reader (Thermo Scientific, 
USA) and the absorbance values were directly 
proportional to the concentration of IgA and IgM 
in the serum.

Statistical analysis
Statistical data were performed using the Tukey’s 
multiple comparison test (t test); p ≤ 0.05 was 
considered statistically significant.

RESULTS
Lycopene supplementation induced B 
lymphopoiesis in vitro
Bone marrow cells were cultured in distinct 
concentrations of lycopene for 5 days. The 
number of hematopoietic cells was significantly 
increased when supplemented with lycopene 
5μM in comparison with control cells. In contrast, 
cellularity was similar to control condition when 
these cells were cultured with 1μM and 10μM 
of lycopene (Figure 1a). Phenotypic analysis 
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revealed that lymphoid compartment was 
significantly modified by lycopene. On day 5, 
B220+ B cells were significantly increased after 
treatment with 5μM and 10μM of lycopene (Figure 
1b). On the other hand, CD11b+B220- myeloid cells 
were not modified in number after lycopene 
supplementation (Figure 1c). Morphological 
analysis revealed that polymorphonuclear 
cells were predominantly observed in control 
samples and 1μM of lycopene (Figure 1d and 
1e, respectively). In contrast, mononuclear cells 

were majorly found in 5μM and 10μM lycopene 
conditions (Figure 1f and 1g, respectively). 

The cytotoxicity properties of lycopene 
on bone marrow cells were measured by flow 
cytometry. In control group, Annexin-V+PI- early 
apoptotic cells and Annexin-V+PI+ late apoptotic 
cells represented 11.8% and 14.1% of cultured 
cells, respectively (Figure 2a). No significant 
differences were observed when bone marrow 
cells were supplemented with 5μM of lycopene 
(Figure 2b). On the other hand, lycopene 10μM 

Figure 1. Definition of lycopene concentration to B cell differentiation analysis. (a) Cellularity of bone marrow cell 
culture. Number of B220+ B cells (b) and CD11b+ cells (c) after lycopene supplementation. Morphological analysis 
of cultured cells at distinct conditions: (d) control, medium alone; (e) lycopene 1µM; (f) Lycopene 5µM and (g) 
Lycopene 10µM. Magnification: 1000x. n = 5 mice/group. (*) Indicates p <0.05. 
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increased the percentage of Annexin-V+PI- early 
apoptotic cells to 18.2% and Annexin-V+PI+ late 
apoptotic cells to 18.9% of total cells (Figure 2c). 
At this time, the results indicated that lycopene 
1μM showed effects similar to control whereas 
lycopene 10μM induced more apoptosis in bone 
marrow cells than lycopene 5μM condition. 

The concentration of lycopene 5μM induced 
significant responses on bone marrow B cell 
compartments. Moreover, at this concentration, 
the percentage of viable cells was compatible 
with control group. To study a possible 
regulatory role on pro-apoptotic signals, we 

induced bone marrow cells to apoptosis using 
dexamethasone. On day 2 of culture, it was 
observed that lycopene 5μM did not interfere 
with dexamethasone-induced apoptosis (Figure 
2d-2g). These data suggested that lycopene 
5μM was able to induce B cell differentiation 
displaying very low cytotoxicity and poor 
interference with apoptotic signals, both events 
very important to B cell physiology.

Figure 2. Bone marrow cell viability mediated by lycopene. Annexin-V and propidium iodide were used to measure 
cell viability in the bone marrow culture at control condition (a) and lycopene supplementation 5µM (b) and 10µM 
(c). Dexamethasone-induced apoptosis was used to evaluated possible anti-apoptotic effects of lycopene. (d) 
Control, medium alone; (e) Lycopene alone; (f) Dexamethasone alone; (g) Dexamethasone plus lycopene. Double-
negative are viable cells; Annexina-V+PI- are early apoptotic cells; Annexin-V+PI+ cells are late apoptotic cells; and 
Annexin-V-PI+ are non-apoptotic dead cells. n = 5 mice/group.
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Lycopene induces bone marrow B lymphocyte 
differentiation
B lymphocytes were minutely investigated after 
lycopene treatment in vitro. On day 5 of culture, 
the percentage of CD19+SSClow total B cells was 
13% of total cells. Phenotypic analysis of B cell 
subpopulations showed that CD19+B220lowIgM- 
cells represented 18.9% of them whereas 
CD19+B220highIgM- and B220highIgMhigh cells were 
51.5% and 29.1% of B cells, respectively, when 
cultured in medium alone (Figure 3a). Lycopene 
5µM supplementation increased the percentage 
of B220+SSCLow total B cells (21% of total cells). 
The subpopulations represented 30.8% 

(CD19+B220lowIgM- cells), 37.7% (CD19+B220highIgM- 
cells) and 30% (CD19+B220highIgMhigh cells) of B 
cells in culture (Figure 3b). 

The absolute number of these cell subtypes 
was defined according to total cellularity 
described in the figure 1. Lycopene 5μM induced 
significant changes in all B cell subpopulations: 
CD19-IgM- B cells (1 to 3 x 104 cells, Figure 3c), 
CD19+IgM- B cells (2 to 4.5 x 104 cells, Figure 3d), 
and CD19+IgM+ B cells (1.5 to 4 x 104 cells, Figure 
3E). In vivo lycopene supplementation showed 
very similar results. Mice intraperitoneally 
supplemented with 5µM of lycopene had 
significant increase of CD19+IgM- progenitor 

Figure 3. Phenotype of bone marrow 
B cells cultured with lycopene. 
B220+SSClow B lymphocytes were 
gated and analyzed following 
CD19 and IgM expression in 
control (a, gate R1) and lycopene-
supplemented group (b, gate R1). 
B220+CD19-IgM- Pre-Pro B cells (c, 
gate R2), B220+CD19+IgM- Pre B cells 
(d, gate R3), and B220+CD19+IgM+ 
Immature B cells (e, gate R4) were 
quantified after lycopene 5µM 
supplementation in vitro. In mice, 
the phenotype of bone marrow B 
lymphocytes was defined according 
the expression CD19 and IgM in 
control group (f) and 14 days after 
daily lycopene supplementation (g). 
(h) CD19+IgM- B cells and (I) CD19+IgM+ 
B cells were significantly increased 
after lycopene treatment in vivo. n = 
5 mice per experiment. * indicates p 
<0.05.
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B cells and CD19+IgM+ immature B cells, when 
compared with control (vehicle) mice (Figure 
3f-3i). 

Lycopene interferes with B cell differentiation 
in the spleen
Splenocytes were also isolated and cultured at 
lycopene 5uM condition. On day 5 of culture, 
lycopene induced a 3-fold increase in the 
number of CD138+ cells (a mix of plasmablasts 
and plasma cells). The number of these cells 
was approximately 0.5 x 104 in control group 
(medium alone) and about 1.5 x 104 cells after 

lycopene supplementation (Figure 4a). These 
cells were identified by CD138 expression, large-
oval cytoplasm, and eccentric nucleus (Figure 
4b).

The intraperitoneal supplementation 
also disturbed splenic differentiation of B 
lymphocytes into plasma cells. On day 15 of 
lycopene-treatment, the percentage of splenic 
CD138+ plasma cells was significantly increased 
when compared with control mice (Figure 4c-
4f ). Plasmablasts (CD138+B220+ cells) were 
equivalent to 3% of splenic cells in control 
mice while this percentage changed to 8% in 

Figure 4. Splenic B cell differentiation induced by lycopene. Splenic cells cultured in the absence (a, control) 
and in contact with lycopene 5uM (a, Lyc) were quantified after 5 days of culture. (b) Immunocytochemistry 
essay revealed CD138+ cells numerically increased after lycopene supplementation in vitro. B220+CD138+ cells 
(plasmablasts) and B220-CD138+ cells (plasma cells) were quantified in control (c) and lycopene supplementation 
condition (d). The absolute number was defined according previous phenotype: Plasmablasts (e) and plasma cells 
(f). n=5 mice per group. * indicates p<0,05. 
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lycopene-supplemented mice (Figure 4c and 
4d). In parallel, plasma cells (CD138+B220- 
cells) represented 6% in control mice and 14% 
in lycopene-supplemented mice (Figure 4c 
and 4d). The absolute number corroborated 
with these data. In control mice, CD138+B220+ 
plasmablasts and CD138+B220- plasma cells 
corresponded to approximately 4 x 106 and 2 
x 106 splenocytes, respectively. On day 15 of in 
vivo lycopene-supplementation, these values 
increased to approximately 7.5 x 106 and 5 x 106 
splenocytes, respectively (Figure 4e and 4f ). 
These data suggested that lycopene induced B 
cell differentiation at distinct levels and organs. 

An important functional parameter to 
measure the efficiency of B cell differentiation 
induced by lycopene supplementation is the 
concentration of Ig levels in the serum of mice 
submitted to lycopene intervention. The serum 
levels of IgM and IgA were significantly changed 
on day 15 of 5µM lycopene-supplementation. 
These mice were marked by reduced levels of 
IgM and elevated levels of IgA (Figure 5a and 5b). 
However, intraperitoneal injection of lycopene 
was not able to induce IgA+ cells in the bone 
marrow and spleen (Figure 5c and 5d). 

Figure 5. IgM and IgA levels 
modulated by lycopene. 
Serum levels of IgM (a) and 
IgA (b) were quantified by 
ELISA. The number of IgA+ 
B cells was measured in the 
bone marrow (c) and spleen 
(d). Veh indicates control 
mice treated with vehicle 
(water) while Lyc represents 
lycopene-supplemented 
mice. n=5 mice per group. * 
indicates p<0,05. 
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Lycopene favors Ig-class switching from IgM to 
IgA in the peritoneal cavity
The higher levels of IgA concomitant with 
indifferences observed in the number of 
splenic IgA+ cells led us to analyze peritoneal B 
compartments. Lycopene injection reduced the 
percentage of total peritoneal leukocytes (Figure 
6a-6b). In particular, peritoneal B220+ B cells 
were numerically reduced on day 15 of lycopene 
administration (Figure 6c). Multiparametric 
analysis revealed a partial decrease of surface 
expression of IgM after lycopene treatment 
(Figure 6d). In parallel, these mice showed IgA+ 
B cells as result of lycopene supplementation 
(Figure 6e). The absolute numbers of peritoneal 
IgM+ B cells changed from 6 x105 lymphocytes 

in control mice to 3 x 105 lymphocytes in mice 
supplemented with lycopene 5µM (Figure 6f). 
In contrast, peritoneal IgA+ B cells changed 
from 0.5 x105 lymphocytes in control mice to 
approximately 2 x 105 lymphocytes in mice after 
lycopene 5µM supplementation (Figure 6g). 
Together, these data indicated that lycopene 
affects peritoneal B cell compartments inducing 
IgM-to-IgA class switching. 

DISCUSSION
For the first time, lycopene has been described as 
immunomodulatory molecule favoring IgM-to-
IgA class switching and IgA+ B cell differentiation. 
Moreover, we have demonstrated that lycopene 

Figure 6. Effects of lycopene in the peritoneal B cell compartments. Cellular distribution of peritoneal floating cells 
harvested from control mice (a) and group intraperitoneally induced with lycopene 5µM (b). The number of total 
B220+ B cells was plotted in graph bars (c). The surface expression of IgM (d) and IgA (e) was plotted as overlaid 
histograms. Gray and white curves indicate control and lycopene-supplemented mice, respectively. The absolute 
number of IgM+ B cells (f) and IgA+ B cells (g) reveals possible IgM-to-IgA class switching on peritoneal B cells. n=5 
mice per group. * indicates p<0,05. 
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induced bone marrow B lymphopoiesis and 
terminal differentiation into splenic plasma 
cells. Interestingly, serum levels of IgA were 
significantly increased on day 15 of lycopene 
supplementation. Our data can be included in 
protocols of experimental therapies based on 
improvement of IgA responses and kinetics of 
B cell recruitment in experimental models of 
diseases.

IgA has critical role to mucosal immune 
system controlling the gut microbiota to 
promote health (Macpherson et al. 2012). Among 
several reasons, IgA contributes to maintenance 
of gastrointestinal integrity when exposed to 
food antigens (Corthesy 2013). There are several 
authors indicating that IgA and gut barrier play 
an interesting crosstalk to control intestinal 
microbiota and gut-liver axis functions 
(Karaivazoglou et al. 2020, Wells et al. 2017). 
Moreover, these aspects have been associated 
with neurological disorders and mechanisms 
with potential to therapeutic strategies (Doenyas 
2019, Frasinariu et al. 2013, Mohamadkhani 
2018). Our data suggested that supplementation 
using lycopene 5μM was optimal to drive these 
IgA-dependent biological conditions. Thus, 
we suggested that studies based on lycopene 
administration should be included in strategies 
to improve IgA responses.

Here, we used three different concentrations 
of lycopene (1, 5 and 10µM). Our data revealed 
that lycopene 1µM was similar to control in 
distinct essays. On the other hand, lycopene 
10µM showed similarities with 5µM, however, the 
higher concentration had important cytotoxicity. 
Then, lycopene 5µM was considered ideal to 
continue this work, although it can be considered 
a supraphysiological condition. It was showed 
that 0.6µM of lycopene is the average in healthy 
human serum (Hoppe et al. 2003). In this work, 
we used an isomeric content of synthetic 
lycopene with equivalent bioavailability to 

natural lycopene (Michael McClain & Bausch 
2003). Previous results reinforced that lycopene 
5µM was responsive to distinct experimental 
conditions, including cancer and normal cells 
(Haddad et al. 2016, Teodoro et al. 2012).

The consumption of 5-10mg/day of 
lycopene is sufficient to obtain benefits, but 
possibly, higher doses are required to affect 
immune cells (Arathi et al. 2016, Rao 2002, Rao 
& Agarwal 2000). In this work, we noted that 
10µM of lycopene (5.36 µg/mL) was significant 
cytotoxic to hematopoietic cells. It is plausible 
to suggest that 1µM of lycopene (0.536 µg/Kg) 
is close to physiological concentration, while 
5μM (2.68 µg/mL) could be used as therapeutic 
strategy. There are several clinical situations 
hallmarked by IgA deficiencies extremely 
correlated with allergy, autoimmune responses, 
common variable immunodeficiency and 
common primary immunodeficiency (Wang & 
Hammarstrom 2012, Yazdani et al. 2016).

During immune responses, lycopene 
was described as repressor of IFN-γ and IL-4 
synthesis by T lymphocytes, IL-2/IL-10 secretion 
by mononuclear blood cells in vitro, and airway 
inflammation in asthma model (Hazlewood et 
al. 2011, Kim et al. 2004, Yamaguchi et al. 2010). 
Nevertheless, the influence of lycopene on B 
cell activation and differentiation was poorly 
understood. Our results demonstrated that 
lycopene treatment in vitro and in vivo increased 
both IgM- progenitors and IgM+ immature B 
lymphocytes derived from the bone marrow. 
In the spleen, lycopene supplementation was 
directly correlated with expansion of B220+CD138+ 
plasmablasts and B220-CD138+ plasma cells. In 
the peritoneal cavity, lycopene supplementation 
played positive role in IgA+ B cell differentiation. 
Together, these data pointed to stimulatory 
effects of lycopene to B cell lineage in distinct 
lymphoid tissues.
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Low levels of IgM concomitant with high 
concentration of IgA in the serum indicated that 
lycopene administration was favoring IgM-to-IgA 
class switching (Cerutti & Rescigno 2008, Puga 
et al. 2010). Although no differences were found 
in the spleen regarding to IgA+ cells, the number 
of these cells was significantly increased in the 
peritoneal compartments. The peritoneal cavity 
is a critical B cell milieu responsible to maintain 
the mucosal immunity and IgA+ B cell repertoire, 
including conventional B2 and resident B1 
lymphocytes (Hastings et al. 2006, Oliveira et 
al. 2015). However, it is important to note that 
IgM constitutes the first line of humoral defense 
against microbial and viral infections (Klimovich 
2011).

Data showed here revealed a new function 
for lycopene as nutritional supplements, 
maybe, a nutraceutical compound to be used 
as immomodulatory molecule to start or 
restore IgA-mediated immune responses. It was 
demonstrated that purified lycopene affected 
directly bone marrow B lymphopoiesis, splenic 
B cell differentiation into Ig-secreting plasma 
cells and IgM-to-IgA class switching in peritoneal 
B cells leading to IgA+ B cell generation. Data 
exposed in this work suggested that lycopene 
supplementation can be an excellent strategy 
to study immune responses associated with 
IgA mechanisms and experimental models of 
diseases characterized by cellular responses 
based on B lymphocytes.   
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