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Immunostimulatory effects of BCG-CWS on the proliferation
and viability of mouse spleen cells
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Abstract : Mycobacterial cell-wall skeleton (CWS) is an immunoactive and biodegradable particulate
adjuvant and has been tried to use for immunotherapy. The CWS of Mycobacterium bovis bacillus Calmette-
Guerin (BCG-CWS) was studied as an universal vaccine vehicle for antigen conjugation, to develop
potentially effective and safe vaccine. Although a variety of biological activities of BCG-CWS have been
studied, the effects of BCG-CWS on spleen cells are not fully elucidated. Using MTT assay and trypan
blue exclusion test, we found that BCG-CWS significantly enhanced the viability and proliferation of cells.
Multiple clusters, indicating proliferation, were observed in BCG-CWS-treated spleen cells and surface
marker staining assay revealed that BCG-CWS promoted the proliferation of CD19" B lymphocyte rather
than CD4" or CD8" T lymphocyte. In addition, BCG-CWS up-regulated the expression of anti-apoptotic
molecules such as bcl-2, bel-xL. BCG-CWS increased the surface expression of CD25 and CD69 as well
as IL-2 production of spleen cells, suggesting increased activation. Furthermore, BCG-CWS enhanced the
antigen-specific cell proliferation and interferon-gamma production of spleen cells. Taken together, these
results demonstrate the immunostimulatory effects of BCG-CWS on spleen cells via multiple mechanisms,
providing valuable information to broaden the use of BCG-CWS in clinical and research settings.
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BCG-CWS effects on spleen cells
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Fig. 1. Effect of cell wall skeleton of Mycobacterium bovis bacillus Calmette-Guerin (BCG-CWS) on the proliferation/
viability of spleen cells. The spleen cells were cultured at a concentration of 4 x 10° cells/200 pL/well in 96-well culture
plates and treated with 0~100 ng/mL BCG-CWS. After 3 days, (A) Proliferation assay using MTT solution, and (B) Trypan

blue exclusion test were performed. Data are mean = SD from three or four individual wells. "

indicate p < 0.05, 0.001,

respectively, compared to control. (C) Proliferating clusters (black circles) in BCG-CWS-treated spleen cells. Ca: Control,
Cb: CWS 1 pg/mL, Cc: CWS 5 pg/mL, Cd: CWS 25 pg/mL. Cell morphology was observed using an inverted microscope

and the image was obtained by a digital camera. x 100.
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Fig. 2. Selective proliferation of CD19" B lymphocytes by BCG-CWS treatment. Spleen cells were cultured at a
concentration of 5 x 10° cells/S mL/well in 6-well culture plates with medium alone or 1 pg/mL or 5 pg/mL BCG-CWS
for 3 days. After harvesting, the cells were labeled with surface marker-specific antibodies. The numbers indicate the

percentage of positive cells of a specific subset.
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Fig. 3. Spleen cells were cultured as described in Fig. 1
and treated with the indicated concentrations of BCG-
CWS. After 3 days of treatment, the supernatants were
collected and the amount of interleukin (IL)-2 was
quantified. Data are mean = SD from four individual wells.
ConA: Concanavalin A, LPS: Lipopolysaccharide.
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Fig. 5. Upregulated expression of the anti-apoptotic
molecules bel-2 and bel-xL following BCG-CWS treatment.
Spleen cells were setup as described in Fig. 2 and Western
blot analysis was performed.
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Fig. 4. Enhanced expression of activation markers on spleen cells treated with BCG-CWS. Spleen cells were cultured as
described in Fig. 2. Following BCG-CWS treatment, spleen cells were harvested and stained for CD25 or CD69, activation
markers of lymphocytes. The number of histograms indicates the percentage of highly expressed cells.
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Fig. 6. Proliferation of ovalbumin (OVA)-immunized spleen cells by BCG-CWS treatment (A) Proliferation assay using
MTT solution, in which OVA-immunized spleen cells were treated with 0~5 pg/mL BCG-CWS for 4 days. Data are mean

+SD from four individual wells.

" indicate p <0.01, 0.001, respectively, compared to control whereas * indicates p <

0.01 compared to in vitro OVA restimulation control. (B) OVA-immunized spleen cells stained with carboxyfluorescein
succinimidyl ester (CFSE) were cultured in 96-well culture plates with medium alone, 1 pg/mL or 5 ug/mL BCG-CWS
for 4 days. After harvesting, the cells were analyzed by flow cytometry. The numbers of histograms are percentage of

proliferating cells.
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Fig. 7. Increased production of Interferon (IFN)-gamma by
OVA-immunized spleen cells with BCG-CWS treatment.
OVA-immunized spleen cells were cultured described in
Fig. 6 and treated with or without the indicated
concentrations of BCG-CWS. After 4 days of treatment,
the supernatants were collected and the amount of IFN-
gamma was quantified. Data are mean+ SD from four
individual wells. ™ indicate p <0.01 compared to control
whereas * indicates p <0.01 compared to in vitro OVA
restimulation control.
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