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Introduction
Mesenchymal stem cells (MSCs) are multipotent progenitor 

cells that can be isolated from various tissues and have broad 
immunomodulatory properties [1]. The regulatory properties of these 
cells suggest they are a potential source for cell therapy of numerous 
diseases. Well studied is the ability of MSCs to impact the function 
of several immune cells including T cells and antigen presenting cells 
[2-4]. However, MSC effects on B cell proliferation and function has 
been controversial. To date, reports regarding MSCs modulation of B 
cell function have varied significantly in their outcomes. Bone marrow 
derived MSCs were found to inhibit B cell proliferation, differentiation, 
and antibody production [5-8]. Likewise, umbilical cord derived MSCs 
were able to inhibit B cell proliferation and differentiation [9]. However, 
Traggiai et al., conversely reported bone marrow MSCs promoted the 
proliferation and polyclonal expansion of B cells [10]. 

As B cells play an important role in the disease pathogenesis of 
systemic lupus erythematosus (SLE), it is essential to understand the 
interaction of MSCs and B cells if MSCs are to be developed as a cell 
therapy for lupus. Our recent studies in MRL/lpr lupus prone mice 
demonstrated variable efficacy of MSCs in modulating disease activity, 
depending on the source of origin [11]. Moreover, we found that B cells 
from lupus individuals were unable to inhibit B cell proliferation. In this 
study we revisit and expand studies of MSCs from various sources on 
healthy and lupus patient CD19+ B cell proliferation to begin to clarify 
how these cells are interacting.

Materials and Methods
Isolation and culture of human MSC 

The use of human UC-MSC and BM-MSC was approved by the 
IRB of the Medical University of South Carolina (MUSC) and all 
donors gave informed consent. The MSC were isolated and cultured as 
previously described with slight modification [12,13]. Briefly, human 
UC-MSC harvested from the Wharton’s Jelly in umbilical cords of 
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healthy babies born by C section at the MUSC hospital were expanded 
in Alpha-MEM (Gibco) supplemented with 10% human platelet lysate 
(Emory University), 2 mM L-glutamine (Lonza BioWhittaker), and 
antibiotics (100 U/ml penicillin and 100 µg/ml streptomycin; Lonza 
BioWhittaker), and placed in a humidified cell culture incubator 
containing 5% CO2 at 37°C. Non-adherent cells were removed by 
changing medium every 3 days after the initial plating. After 7 days of 
incubation, when UC-MSC colonies took up at least 60-80% of the total 
surface area, the cells were sub-cultured. 

Both healthy and lupus patient bone marrow mononuclear cells 
were collected from bone marrow aspirates by gradient centrifugation 
and seeded at a density of 1×106 cells/cm2 in the same media used for 
UC-MSC. After 3 days of culture, non-adherent cells were removed 
and the medium was changed twice weekly thereafter. Once 60-80% 
confluence was reached, adherent cells were re-plated at a density of 104 
cells/cm2 in medium for expansion. Human BM-MSCs were derived 
from fresh whole bone marrow of healthy donors (ALLCELLS) and 4 
lupus patients. Lupus patients consisted of 3 female and 1 male African 
Americans between the ages of 28 to 41. Two patients had active disease 
with Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) 
scores >6. 2 patients had inactive disease with a SLEDAI score <2. 
All patients were on prednisone with a dose ≤5 mg and either on 
azathioprine or mycophenylate. 

After three passages, the cells were harvested. MSC were identified 
according to the criteria of the International Society for Cellular 
Therapy [14]. Briefly, flow cytometric analysis confirmed the cells 
expressed CD44, CD90, and CD105, but not CD31, CD45, or HLA-DR. 
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The capacity of MSC to differentiate along adipogenic and osteogenic 
lineages was evaluated as described previously [15]. Cells of passage 3-6 
were used in the experiments. Initial MSC confirmation also confirmed 
purity of the cell lines. MSC purity in cultures post cryo preservation, 
prior to use, was determined by additional flow confirmation of MSC 
specific markers and absence of non-MSC markers. In all experiments, 
analyses indicated >95% purity.

B Cell proliferation assay

Peripheral blood mononuclear cells from the blood of healthy 
donors (n=5) were isolated using lymphocyte separation medium 
(Cellgro). CD19+ B cells were isolated by CD19 microbeads (Miltenyi) 
according to the manufacturer’s instructions. B cells were labeled 
with 2 μM carboxyfluorescein diacetate succinimidyl ester (CFSE) 
(Invitrogen). 5×104 CD19+ cells were co cultured with 5×104 MSCs 
from various sources in a 96-well flat bottom plate (Costar) with a total 
volume of 200ul RPMI 1640 (Cellgro) supplemented with 10% fetal 
bovine serum, 2 mM L-glutamine, 55 µM 2-mercaptoethanol (Gibco), 
100 U/ml penicillin and 100 µg/ml streptomycin. B cells received the 
following stimuli: 2.5 μg/ml CpG oligonucleotide 2006 (Miltenyi), 1 μg/
ml soluble CD154 (CD40L) (BioLegend), 2.5 μg/ml F(ab’)2 anti-human 
IgM/IgA/IgG (Jackson ImmunoResearch) and 1000U/ml interleukin 2 
(IL2) (BioLegend). 3 UC-MSC lines, 2 HBM-MSC lines, and 3 LBM-
MSC lines were tested 1-2 times. Plates were incubated for 4 days at 
37oC in a humidified atmosphere with 5% CO2. CD19+ cells were then 
collected, stained with anti-human PE-labeled CD19 (Miltenyi). Cell 
proliferation status was analyzed by flow cytometry.

Cytokine analysis

Human IL6 and TNFα ELISAs were performed on supernatants 
from proliferation assays. ELISA kits were obtained from BioLegend 
and the procedure was followed to the kit’s specifications. Plates were 
read using a Multiskan Ascent at 450 nm.

Statistical analysis

 All data were analyzed using Prism version 5.0 software (GraphPad, 
San Diego, CA). One-way ANOVA (Tukey posttest) was utilized to test 
for significance between groups for in vitro assays. A 95% confidence 
limit, defined by p values ≤ 0.05, was considered to be statistically 
significant and indicated within the figures.

Results and Discussion
Human MSCs from healthy donors are effective in ameliorating 

disease in lupus prone mice [11,16-20]. However, there is limited 
understanding of the mechanism by which these cells elicit their effect. 
Hyperactivity and autoantibody production by B cells is a trademark 
for immunological disorders such as SLE [21]. With conflicting data 
surrounding the ability of MSCs to modulate B cell functions these 
experiments aim to assess the ability of MSCs, from various sources, to 
inhibit B cell proliferation.

An earlier study showed that bone marrow derived MSCs 
increased the proliferation of CD19+ B cells [10]. We repeated these 
studies with MSCs derived from bone marrow and umbilical cords 
to examine if these effects were dependent on the MSC source of 
origin. Our data demonstrates that healthy human MSC from bone 
marrow and umbilical cords suppressed healthy B cell proliferation to 
a greater capacity than lupus bone marrow MSCs, albeit not reaching 
significance (Figure 1A). As in a previous study [22], the lupus donor 
MSCs trended towards reduced capacity to suppress healthy B cell 
proliferation when compared to healthy donor MSC (Figure 1A). 

These data support the suppressive, not the proliferative, findings of 
previous studies.

B cells play an important role in the in the pathogenesis of SLE thus 
we examined whether MSCs from the different sources were able to 
impact B cell proliferation from lupus donors. When examining CD19+ 
B cells from lupus patients we found a blunted B cell proliferative 
response to immune stimuli, which is a limitation of this study (Figure 
1B). This restricted proliferation is likely due to patients being on 
immunosuppressive drugs at the time of B cell isolation or that, like 
T cell populations, the lupus B cells are “exhausted” and unable to 
proliferate. Traggiai et al. stated that bone marrow derived MSCs from 
healthy donors were unable to inhibit the B cell proliferation of SLE 
patients [10]. Similarly, we also found that healthy bone marrow derived 
MSCs did not inhibit lupus B cell proliferation. Unlike past studies, we 
did not see a significant increase in B cell proliferation [10]. Moreover, 
no effect on lupus B cell proliferation was observed in co-cultures of 
MSCs from lupus patients or healthy controls. However, MSCs derived 
from umbilical cords did reduce lupus B cell proliferation, although, 
not achieving significance (Figure 1B). 

TNFα is a cytokine that is made by B cells and can promote their 
proliferation. Additionally, TNFα is an activating cytokine for MSCs 
[23]. Upon stimulation with TNFα, MSCs increase production of 
suppressive cytokines, such as IL6, NO, IDO, and PGE2 [24]. A 
key cytokine produced by activated MSCs, IL6, can inhibit TNFα. 
We measured TNFα and IL6 in the supernatants of our cultures to 
determine if these cytokines could explain the differences in suppressive 
function by MSCs from different sources. Umbilical cord and healthy 
bone marrow derived MSCs made significantly more IL6 when co-
cultured with healthy donor B cells then B cells cultured alone (Figure 
2A). Lupus bone marrow MSCs also produced more IL6 in co-culture 
in comparison to B cells alone, although it was not significant (Figure 
2A). In culture with lupus B cells, all sources of MSCs produced IL6, 
though the amount was significantly less than when these cells were 
cultured with healthy B cells (Figure 2A). There was no difference in 
IL6 production between the different MSC groups when cultured with 
lupus B cells. 

MSCs produce IL6 in response to TNFα, thus we hypothesized 
that the reduced amount of IL6 production by all MSCs co-cultured 
with lupus B cells was due to a reduced capacity of these lupus B cells 
to produce TNFα. We did find markedly lower production of TNFα 
by lupus B cells when compared to healthy B cells (Figure 2B). MSCs 
from all sources were able to significantly inhibit TNFα production 
by healthy donor B cells (Figure 2B). Although all MSC subsets did 
decrease TNFα production by lupus B cells in co-culture, the levels of 
TNFα produced by the lupus B cells was reduced compared to healthy 
B cells (Figure 2B). 

MSCs from all sources were able to reduce proliferation and TNFα 
production in healthy B cells. However, only umbilical cord derived 
MSCs were able to reduce both proliferation and TNFα production by 
lupus B cells. Though due to the poor responses of the lupus B cells 
overall, most of the results comparing B cells alone to B cells plus 
MSCs were trends and not significant differences. The decreased TNFα 
production and proliferation seen in lupus B cells, as stated previously, 
we attribute to either the B cells being less responsive due to the 
medications they are receiving or due to the B cells being “exhausted”. 
Diminished TNFα production by lupus B cells may explain the reduced 
IL6 production by MSCs and subsequent decreased activation in the 
lupus B cell co-cultures.
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Figure 1: Umbilical cord derived MSC suppress both healthy and lupus B cell proliferation. Healthy and lupus donor CD19+ B cells were collected from MSC coculture 
assay after 96 hours of incubation. B cells were stained with B cell specific antibodies and analyzed by flow cytometry. Proliferation of CD19+ B cells was measured by 
CFSE dilution. Data are mean ± SEM. Statistical comparisons were performed using two-way ANOVA with Bonferroni posttest. *p≤0.05; n=5. Experiments were done 
with 5 healthy and 5 lupus donors and 2-3 different MSC lines.
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Conclusion
In this report, we found that MSC had significant effects on healthy 

donor B cell proliferation and TNFα production with a trend towards 
the lupus MSCs having a more modest effect. Lupus B cells had a blunted 
response to immune stimuli making it difficult to determine significant 
differences between the different MSC subsets and being a limitation to 
this study. Regardless, we did not see enhanced proliferation or cytokine 
production by lupus B cells when co-cultured with MSCs. It is likely that 
variances in experimental methods explain the differences in results 
reported to date on the effect of MSC co-culture on B cell proliferation, 
antibody production, and cytokine production. Recently, a study by 
Rosando et al. showed that T cells facilitated B cell suppression in co-
culture with MSCs. They showed a lack of B cell suppression by bone 
marrow derived MSCs, however, when T cells were added suppressive 
functions were observed that were contact dependent [25]. This paper 
further demonstrates the variance of results that are obtained depending 
on culture conditions. They do, however, corroborate our findings that 
MSCs do not enhance B cell proliferation.

The objective of our study was to improve our understanding of the 
role of MSCs on B cell function. If MSCs do enhance B cell function, this 
would be predicted to be deleterious as a therapy for lupus patients. Our 

results, as well as those of Rosando, clearly indicate that MSCs do not 
enhance B cell proliferation in vitro. Moreover, in vivo studies of MSC 
infusions in humans and mice report either no effect on B cell numbers 
and autoantibody levels or a decrease after MSC treatment. Although 
more studies need to be performed to decipher the exact mechanism 
of interaction between MSCs and B cells, concerns regarding B cell 
activation by MSCs in lupus should be diminished.
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