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Background 
 
Immunotherapy 
Immunotherapeutic approaches to the management and treatment of malignant disease are showing 
promise. Such strategies have been tested largely in melanoma and renal cancer, but their application to 
other carcinomas, including breast and ovarian, is now under investigation. Although it is not totally clear 
which components of the immune response are crucial for tumor rejection, the adaptive cellular 
compartment, which includes both cytotoxic CD8+ cells (CTL) and helper CD4+ cells, is thought to play a 
major role. Antigen presentation by dendritic cells is also likely to be important. 
Feuerer et al. recently suggested that the memory T-cells derived from the bone marrow of patients with 
breast cancer have therapeutic potential in vivo and could become the basis for effective immunotherapy for 
breast cancer (1). Patients' bone marrow and peripheral blood contained memory CD8+ T-cells that 
recognize epitopes from specific tumor-associated antigens (2). However, these memory T-cells in the 
periphery were anergic, whereas those in the bone marrow were functional (1). Tetramers were used to 
identify the tumor specific CD 8 T-cells, in both the peripheral blood and in the bone marrow (1,2). 
 
Tetramers 
Over the last five years, antigen-specific T-cells have been identified by using tetrameric peptide-MHC-class 
I complexes carrying the specific class I peptide epitopes (tetramers). Using HLA A02*01 tetramers carrying 
epitopes from either the MUC1 or HER-2/neu antigen, Feuerer and colleagues were able to detect in the 
periphery and bone marrow of breast cancer patients specific CD8 T-cells that were not present in normal 
individuals (1,2).  
In this project we attempted to confirm and expand these important observations by focusing on the tumor-
associated antigens MUC1 and c-erbB2/HER2 and by using tetramers to a novel tumor-associated antigen 
that is localized to the nucleus. 
 
The MUC1 epithelial mucin 
Expression of the MUC1 surface mucin is up regulated in most breast, ovarian and pancreatic carcinomas, 
and because of differences in glycosylation the cancer associated mucin is antigenically distinct from the 
mucin expressed by normal epithelial cells (3,4). MUC1 also contains peptide epitopes, that can bind to MHC 
class I molecules from A02*01; it was a tetramer carrying one such epitope that detected reactive T-cells in 
PBL and bone marrow of breast cancer patients (1,2,5) 
 
The c-erbB2/HER2 antigen 
HER-2/neu (also known as c-erbB-2) oncogene encodes a 185 KDa transmembrane tyrosine kinase 
receptor, which is a member of the epidermal growth factor receptor family. Its amplification is one of the 
most common genetic alternations associated with human breast cancer, and it is associated with more 
aggressive clinicopathologic features and poor prognosis (6). Monoclonal antibodies directed against HER/2 
neu have been developed and used in clinical practice. 
 
Aim 
The aim of the project was to determine whether tumor-specific T-cells reactive with MUC1 or c-erbB2/HER2 
peptides and a novel, nuclear tumor-associated antigen could be detected in peripheral blood of early breast 
cancer patients, as a preliminary to isolating T-cells from the bone marrow for evaluation of functionality.  
 
Detection of tumor antigen-reactive T cells in PBL of breast cancer patients (HLA A 0201) 
According to the published data, the percentage of CD8+ T-cells binding the MUC 1 peptide tetramers in 
bone marrow and peripheral blood is higher in breast cancer patients than in normal, healthy donors. 
Moreover, reactive T-cells were not found in the bone marrow of healthy donors, although they were found in 
the bone marrow of breast cancer patients. A pilot study of patients with breast cancer using tetramers 
carrying MUC1 and c-erbB2/HER peptides was performed to confirm and expand these published results. In 
addition, the binding of tetramers carrying peptides from a novel, nuclear protein were also analyzed in this 
series of peripheral blood samples from patients and healthy donors. These preliminary experiments were 
necessary before it was possible to proceed to obtain bone marrow samples. 



After informed written consent was obtained, 20 ml of blood was collected from patients with breast cancer 
prior to their primary surgery. The heparinized blood was immediately subjected to Ficoll gradient 
centrifugation, and the cells in the interphase layer were collected.  
HLA A2 patients were selected through staining with the anti-HLA A*0201 antibody BB7.2 FITC, and the 
samples were analyzed by flow cytometry. Tetramers of the HLA A*0201 allele carrying specific peptides 
were used to detect the presence of memory T-cells (without in vitro stimulation) in the HLA A2 positive 
samples. Peripheral blood T-cells were incubated for 30 minutes at room temperature with phyto erythrin 
(PE) conjugated tetramers. Fifteen minutes after the addition of the tetramer, an anti-CD8 monoclonal 
antibody conjugated to PC 5 was also added. Samples were washed twice and analyzed using the flow 
cytometer. The binding of the tetramers to HLA A*0201 healthy donors was also analyzed. A sample from an 
A2 negative non-breast cancer patient was used each time as an internal negative control.  
Of sixty patients with non-metastatic breast cancer whose blood was tested with the A2 antibody, twenty-
nine were shown to be HLA A*0102 positive. These and nine healthy A2 positive donors have now been 
entered into this ongoing study. Our results to date confirm the published data for MUC 1 (7), but T-cells 
reactive with c-erbB2/HER2 were not detected, even though 18% of the patients were HER2 positive by 
immunohistochemistry. A novel finding was that in 30% of the patients, CD8+T cells could be detected that 
bind to a tetramer carrying a peptide from the novel, nuclear tumor-associated antigen.  
 
Conclusions 
Our study confirmed the data with MUC 1 peptide and identified a peptide from a nuclear antigen, which was 
recognized in breast cancer patients and not in healthy donors. The number of HLA A*0201 breast cancer 
patients and healthy donors needs to be increased to confirm these findings. The LREC has given ethical 
approval for the extraction of samples of bone marrow from patients undergoing surgery for breast cancer, 
after their informed consent has been obtained. Once the binding of the tetramers has finally been 
established using peripheral blood, the presence of CD8 cells in patients' bone marrow can be investigated  
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