
PRELIMINARY RESULTS 
 
Listeria infects and multiplies in tumors and metastases but not in normal tissues. Mice with pancreatic 
cancer were injected with Listeria bacteria. Three days after the injection we found multiple Listeria bacteria in 
the metastases and tumor but not in normal tissues like the spleen (Fig 1, Top). Also, tumor cells were 
infected in vitro and multiplication was visible already after 3 and 6 hrs (Fig 1, Bottom). An extensive study 
about the behavior of Listeria in mouse models of pancreatic and breast cancer has been published in PNAS3 

and British Journal of Cancer4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Listeria-RA and GEM completely eliminates pancreatic cancer at an advanced stage. The effect of 
Listeria-RA was tested in the presence of Gemcitabine (GEM) (standard chemotherapy for pancreatic cancer), 
in a humanized mouse tumor model of pancreatic cancer (KPC mice). This model develops multiple tumors in 
the pancreas and metastases in the lungs and along the gastro intestines. Listeria-RA strongly reduced the 
growth of the pancreatic tumors and metastases, but when combined with GEM the elimination of the 
pancreatic cancer was complete (Fig 2). Tumors and metastases were analyzed by positron emission 
tomography/computed tomography (PET/CT) before and after treatment, similar as in humans.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Listeria-RA and GEM induce an influx of tumor killing T cells to the pancreatic tumors, and turn on 
apoptotic genes involved in tumor cell death. KPC mice with advanced pancreatic cancer were treated with 
Listeria-RA and GEM for 2 weeks. At the end of treatment mice were euthanized and the pancreas of treated 
(tumors completely disappeared), and untreated mice (with multiple tumors in the pancreas), were analyzed by 
RNAseq for T cell responses and tumor cell death (Fig 3). We found that Listeria-RA and GEM converted 
immune suppression into vigorous immune stimulation in the pancreas of treated compared to untreated KPC 
mice (resulting in an influx of activated T cells), and expression levels of genes involved in tumor cell death 
were strongly upregulated in treated compared to non-treated KPC mice. In conclusion, this highly promising 

	
   	
  

Figure 2: Listeria-RA and GEM 
completely eliminates advanced 
pancreatic cancer in KPC mice. In a pilot 
study, KPC mice of 4 months of age were 
immunized with Listeria-TT and GEM for 
2 weeks. Tumors and metastases were 
measured by PET/CT (SUVmax) before 
and after the treatment period. SUVmax 
is a tool to measure growth of tumors and 
metastases. 	
  
	
  

	
  

Figure 1: Listeria infects and multiplies in 
tumors and metastases but not in normal 
tissues. (Top) Mice with pancreatic cancer 
were injected with Listeria analyzed for the 
presence of Listeria three days later by 
confocal microscopy. These pictures show 
Listeria in tumors and metastases, but poorly 
or not at all in normal tissues (spleen). 
(Bottom) Tumor cells were infected with 
Listeria in vitro and analyzed by confocal 
microscopy. These pictures show Listeria 
inside tumor cells and replication at various 
time points after infection. Listeria bacteria are 
red, nuclei blue, and cytoplasm green. 
	
  



approach will now be used to eliminate age-related spontaneous cancer in old BALB/c mice in relation to the 
median, maximal and healthy lifespan as outlined in the proposal. 
 

 
 
 
 
 
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Future Prospect: We expect that the results of this study provide data for a clinical trial. We already have 
developed Listeria constructs expressing DNA fragments of TT, PV, and MV. Of note is that these fragments 
contain immunodominant epitopes for mouse and human T cells. Therefore, after testing in the mice these 
constructs will be directly applicable to humans. Moreover, a personalized therapy can be developed, i.e. 
reaction to the human childhood vaccines can be tested in advance in the cancer patient, and a combination of 
Listeria constructs can be selected expressing those RA to which each patient reacts best. Childhood vaccines 
are not the only potential antigens but basically any antigen that individuals have seen earlier in life and to 
which memory T cells have been generated. Listeria-based vaccination has been tested already for a decade 
in cancer patients, although through different approaches, and no serious side effects has been reported since 
then. A patent for Listeria-RA has been already filed worldwide. Finally, in the future it would be interesting to 
test if lifespan could be further enhanced if we combine our Listeria-RA-based cancer immunotherapy, with 
anti-aging compounds such as metformin, and test their potential synergisms. 
	
  
References involved in this study 
 
1 Gravekamp, C. The impact of aging on cancer vaccination. Curr Opin Immunol 23, 555-560, doi:10.1016/j.coi.2011.05.003 (2011). 
2 Gravekamp, C. The importance of the age factor in cancer vaccination at older age. Cancer Immunol Immunother 58, 1969-1977, 

doi:10.1007/s00262-009-0683-x (2009). 
3 Castro, F. et al. Vaccination with Mage-b DNA induces CD8 T-cell responses at young but not old age in mice with metastatic breast cancer. 

Br J Cancer 101, 1329-1337, doi:10.1038/sj.bjc.6605329 (2009). 
4 Chandra, D., Jahangir, A., Quispe-Tintaya, W., Einstein, M. H. & Gravekamp, C. Myeloid-derived suppressor cells have a central role in 

attenuated Listeria monocytogenes-based immunotherapy against metastatic breast cancer in young and old mice. Br J Cancer 108, 2281-
2290, doi:10.1038/bjc.2013.206 (2013). 

5 Quispe-Tintaya, W. et al. Nontoxic radioactive Listeria(at) is a highly effective therapy against metastatic pancreatic cancer. Proceedings of 
the National Academy of Sciences of the United States of America 110, 8668-8673, doi:10.1073/pnas.1211287110 (2013). 

6 Kim, S. H., Castro, F., Paterson, Y. & Gravekamp, C. High efficacy of a Listeria-based vaccine against metastatic breast cancer reveals a dual 
mode of action. Cancer Res 69, 5860-5866, doi:10.1158/0008-5472.CAN-08-4855 (2009). 

7 Mouchiroud, L., Molin, L., Dalliere, N. & Solari, F. Life span extension by resveratrol, rapamycin, and metformin: The promise of dietary 
restriction mimetics for an healthy aging. Biofactors 36, 377-382, doi:10.1002/biof.127 (2010). 

8 Wahid, R., Cannon, M. J. & Chow, M. Virus-specific CD4+ and CD8+ cytotoxic T-cell responses and long-term T-cell memory in individuals 
vaccinated against polio. Journal of virology 79, 5988-5995, doi:10.1128/JVI.79.10.5988-5995.2005 (2005). 

9 van Binnendijk, R. S. et al. Human HLA class I- and HLA class II-restricted cloned cytotoxic T lymphocytes identify a cluster of epitopes on the 
measles virus fusion protein. Journal of virology 67, 2276-2284 (1993). 

10 Rice, J., Buchan, S. & Stevenson, F. K. Critical components of a DNA fusion vaccine able to induce protective cytotoxic T cells against a 
single epitope of a tumor antigen. J Immunol 169, 3908-3913 (2002). 

11 Muthukkumar, S. & Stein, K. E. Immunization with meningococcal polysaccharide-tetanus toxoid conjugate induces polysaccharide-reactive T 
cells in mice. Vaccine 22, 1290-1299, doi:10.1016/j.vaccine.2003.08.047 (2004). 

12 Weidinger, G. et al. Role of CD4(+) and CD8(+) T cells in the prevention of measles virus-induced encephalitis in mice. The Journal of general 
virology 81, 2707-2713 (2000). 

13 Giraudon, P., Buckland, R. & Wild, T. F. The immune response to measles virus in mice. T-helper response to the nucleoprotein and mapping 
of the T-helper epitopes. Virus research 22, 41-54 (1992). 

	
  

Figure 3: T cell responses and genes involved in tumor cell death were strongly activated by 
Listeria-RA+GEM in pancreatic tumors (RNAseq analysis). KPC mice were treated with 
Listeria-RA and GEM for 2 weeks. Two days after the last treatment mice were euthanized 
and expression levels of genes involved in T cell responses and tumor cell death were 
analyzed by RNAseq in the pancreatic tumors of treated and untreated KPC mice. Group I: 
untreated, Group II: Listeria-RA+GEM-treated. The heat map was generated by unbiased 
hieratical clustering at the following statistical parameters. Statistical parameters for the 
paired-wise comparison: p < 0.05. m1=mouse 1, and m2=mouse 2.  
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