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Vaccination of CEA-transgenic mice with a recombinant Saccharomyces cerevisiae-CEA vaccine 
	 	 	 	 	 	 	 	 	 	 	 breaks immune tolerance and elicits therapeutic antitumor responses 
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	 Vaccination with yeast-CEA induces antigen-specific T-cell responses. CEA-Tg mice were vaccinated with 0.1 YU control yeast or yeast-
CEA on days 0 and 7. On day 21, mice were sacrificed, spleens were harvested, and splenocytes were used for assays. Figure 7: CD4+ cell 
proliferation. Purified CD4+ T cells were cultured with irradiated APCs and CEA protein for 5 days. Open squares, control yeast. Closed circles, 
yeast-CEA. Figure 8: CD8+ CTL activity after vaccination with yeast-CEA. Splenocytes were stimulated with CEA(572-579) peptide for 6 days 
before assays. Open circles, CTL activity directed against EL-4 cells pulsed with VSV-NP peptide. Closed circles, CTL activity directed against 
EL-4 cells pulsed with CEA peptide. C, CD8+ CTL activity after vaccination with control yeast. Open squares, CTL activity directed against 
EL-4 cells pulsed with VSV-NP peptide. Closed squares, CTL activity directed against EL-4 cells pulsed with CEA peptide.

Figure 5.
	 Exposure of immature dendritic cells to recombinant Yeast-CEA results in maturation. DC were derived from C57B6 mouse bone marrow 
treated with GM-CSF and IL-4. On day 5, DC were incubated with Yeast-CEA at a ratio of 1:1. As a control, DC were matured with LPS (50 µg/ml). 
After 48h, cell were analyzed by flow cytometry. Supernatant fluids were analyzed by cytometric bead array. Upper panel: Bold numbers indicate a 
significant change in either % positive cells or cell-surface expression (MFI) as compared with no treatment. Lower Panel: Bold numbers indicate a 
significant change in as compared with no treatment as determined by the Kolmogorov-Smirnov test. 

Figure 6.
	 Dendritic cells treated with Yeast-CEA stimulate CEA-Specific T-cells.
 DC were derived from C57B6 mouse bone marrow treated with GM-CSF and IL-4. On day 5, DC were incubated with either Yeast-CEA or 
Yeast-Control at a ratio of 1:1 for 48 hours. DC were then co-cultured with CEA specific T-cells at a ratio of 4:1 for 24 hours. Supernatant fluids 
were analyzed for IFN-γ after 2 days by cytometric bead array. For MHC blocking studies, anti-H2Db mAb or isotype control antibody was added 
at 10 µg/ml for the duration of the experiment.

Figure 7.
	 See Legend Below (Figure 7 and 8)

Figure 9 and 10.
	 Multiple vaccinations with yeast-CEA continuously increase T-cell responses. CEA-Tg mice were vaccinated with 0.1 YU control 
yeast or yeast-CEA 1, 2, 3, or 4 times at 7-day intervals. Fourteen days after the last vaccination, mice were sacrificed, spleens were 
harvested, and splenocytes were used for assays. Figure 9: CD4+ T-cell proliferation after vaccination with control yeast. Purified CD4+ T 
cells were cultured with irradiated APCs and CEA protein for 5 days. Figure 10: CD8+ CTL activity after vaccination with control yeast or 
yeast-CEA. Data are presented as % lysis after subtraction of VSV-NP control.

Figure 9.
	 See Legend Below (Figure 9 and 10)

Figure 11.
	 CD8+ CTL responses after dose escalation of yeast-CEA. CEA-Tg mice were vaccinated with 0, 0.01, 0.1, 1, or 10 YU yeast-CEA twice 
at 7-day intervals. Fourteen days after the last vaccination, mice were sacrificed, spleens were harvested, and splenocytes were stimulated with 
CEA peptide for 6 days. Open circles, EL-4 cells pulsed with VSV-NP peptide. Closed circles, EL-4 cells pulsed with CEA peptide. 

Figure 12.
	 Vaccination with yeast-CEA reduces tumor growth and increases overall survival in tumor-bearing mice. Survival in a lung metastasis 
model with continuous weekly vaccination (arrows). CEA-Tg mice (n = 14/group) were injected with MC38-CEA+ tumor cells i.v. in the tail 
on day 0, and were mock-treated or injected with 1 YU yeast-CEA s.c. starting on day 4, then weekly for the duration of the experiment. Mice 
were monitored and survival was recorded. Open squares, no treatment. Closed circles, yeast-CEA. Wild-Type Yeast had no antitumor effects 
(not shown).

Figure 13.
	 CD4+ T-cell responses increase when vaccine is distributed to multiple sites. CEA-Tg mice were vaccinated with a total of 1 
or 16 YU yeast-CEA s.c. in 1 or 4 sites on days 0 and 7. Fourteen days later, mice were sacrificed, spleens were harvested, and 
CD4+ T cells were purified. Cells were cultured with irradiated APCs and CEA protein for 5 days. Open bar, no treatment. Black 
bar, 1 YU in 1 site. Gray bars, 16 total YU.

Figure 14.
	 Vaccination in multiple sites increases antitumor efficacy. CEA-Tg mice were implanted with Panc02.CEA cells s.c. on day 0 and 
vaccinated in 0, 1, 2, 4, or 6 sites with 1 YU yeast-CEA/site starting on day 7, then weekly for the duration of the experiment. Tumor 
volume was measured twice a week and recorded. Groups: no treatment (n = 10), 1YU in 1 site (n = 9), 1 YU in 2 sites (n = 10), 1 YU in 4 
sites (n = 10), 1 YU in 6 sites (n = 10). Bars indicate average tumor volume with SD. Open squares, no treatment. Closed circles, yeast-
CEA.  
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