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BORIS/CTCFL (for brother of the regulator of imprinted sites), a paralogue of the 

transcription factor CTCF, is a recently described novel member of the cancer-testis (CT) 
antigen family (Loukinov D, et al. Proc Natl Acad Sci USA 2002;99:6806). BORIS expression 
appears to be restricted to testicular germ cells and to a vast majority of neoplastic cells 
including both cancer cell lines and primary tumors (Klenova EM, et al. Semin Cancer Biol 
2002;12:399). Conditional expression of BORIS in normal cells results in demethylation and 
derepression of MAGE-A1 and reactivation of other CT genes such as NY-ESO-1 and Oct-4 
(Vatolin S, et al. Cancer Res 2005;65:7751; Hong JA, et al. Cancer Res 2005;65:7763; 
Hoffmann MJ, et al. Biochem Pharmacol 2006;72(11):1577). Of interest, the Oct-4 gene is 
considered to mark so called cancer stem cells (Ponti D, et al. Cancer Res 2005;65:5506; 
Hochedlinger K, et al. Cell 2005;121:465). Thus, it has been proposed that BORIS may 
function as an oncogene whose expression very early in the carcinogenesis process leads to 
epigenetic deregulation and activation of many CT genes. Initial evidences have suggested that 
BORIS itself is regulated by DNA methylation since its expression is induced in tumor cell lines 
by treatment with the DNA methyltransferase (DNMT) inhibitor 5-aza-2’-deoxycytidine (DAC) 
(Hong JA, et al. Cancer Res 2005;65:7763). In addition, a recent finding strongly supports a 
role for promoter DNA hypomethylation in driving BORIS expression (Woloszynska-Read A, 
et al. Cancer Immunity 2007;7:21). On the other hand, a recent report highlights that potent 
anticancer CD8+-cytotoxic lymphocytes, capable of killing histologically distinct tumor cell 
lines by MHC class I-restricted manner, were generated after immunization with a DNA-based 
BORIS vaccine (Ghochikyan et al., 2007). Overall, these data indicate that BORIS is expressed 
very early in malignancy, mediates the induction of other CT genes and may augment the 
immunogenicity of certain cancers. Thus, BORIS represents an attractive new target for 
immunotherapy of many tumors. 

From a clinical perspective, epigenetic modulatory agents, recently targeted of great interest 
as cancer therapeutics, robustly promote the expression of CT antigens, as well as class I major 
histocompatibility complex (MHC I) and other immune costimulatory molecules (Karpf AR. 
Epigenetics 2006;1(3):116-20). Thus, despite the initial concern about the activation of CT 
antigens by epigenetic modulatory drugs, combination therapies involving DNMT and/or 
histone deacetylase (HDAC) inhibitors and CT antigen-directed tumor vaccines for the 
treatment of human malignancies are becoming a topic of great interest for clinical evaluation. 
Concerning to this, a great scientific effort is directed to develop a second generation of DNMT 
and HDAC inhibitors with better potency and selectivity whereby apicidin was selected as a 
suitable candidate (Jones P, et al. J Med Chem 2008;51:2350). However, to date the precise 
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mechanism of apicidin as a HDAC inhibitor remains poorly understood (Im JY, et al. Chemico-
Biol Inter 2008;172:235).  

In this light and given the important role of BORIS in neoplastic cell transformation and in 
regulation of the other CT genes, the aims of the present study were as follow: i) to investigate 
the immunological features of BORIS as potential target of novel strategies of immunotherapy 
of cancer; ii) to establish potential correlations between BORIS induction by epigenetic 
modulatory agents with increased immunological and clinical responses to BORIS-directed 
vaccine in an attempt to design novel combination therapies. 

To this end, the first phase of the project was focused on identifying BORIS antigenic 
peptides recognized by CD8+ T cells. We found that a HLA-A(*)02.01-restricted epitope 
(BORIS8-17) was able to stimulate antigen-specific CD8+ T cells in vivo in HLA-A(*)02.01 
transgenic mice (HHD) and in vitro in healthy donors (Romagnoli G, et al. In: Rapporti 
ISTISAN 06/50. p. 36-40; Gabriele L, et al. patent in preparation; Romagnoli G, Belardelli F, 
Gabriele L. paper in preparation). This part of the studies provided the first extensive survey of 
the potential use of BORIS as target for innovative immunotherapeutic treatments in a wide 
range of different cancers. Inopportunely, because of a global contamination of our animal 
facility, we could not end this part of the project that we are currently completing. Afterwards, 
since the NIH group participant of this project has recently described that BORIS is aberrantly 
expressed in breast tumours (Renaud et al., 2007; D’Arcy et al., 2008), we investigated the 
modulation of BORIS in breast cell lines (MCF7; MDA-MB-435 and MDA-MB-231) by 
several epigenetic modulators including apicidin, depsipetide and the well known SAHA, using 
immunohistochemical staining, western and real-time RT-PCR analyses. We found that apicidin 
specifically up-modulated the expression of BORIS suggesting a possible control of BORIS 
immunological potential by this epigenetic drug. In the light of all this, we intend to extend our 
studies as follows: i) to assess the ability of BORIS-specific CD8+ T cells to recognize BORIS-
positive tumors of various origins in a HLA-A(*)02.01-restricted manner; ii) to study the 
modulation of intracellular signalling pathways correlated to the induction of BORIS by apicid 
and other suitable epigenetic modulators in breast cells, and other types of tumor cell lines, by 
microarray experiments and gene expression analyses. 

In the framework of this ISS-NIH cooperative project, the NIH group has carried out studies 
on the modulation by CpG methylation of the promoter of BORIS and on the expression of 
BORIS in breast cell lines and in breast cancer patients by innovative molecular techniques 
aimed to investigate these issues at several levels such as RNA, protein and antibody detection 
(Renaud et al., 2007; D’Arcy et al., 2008). On these bases, they will continue the studies, 
already funded, on the potential correlation between BORIS levels in tumours with 
clinical/pathological parameters. Moreover, collaborative studies, between the NIH and the ISS 
groups involved in this project, will continue to be carried out in an attempt to complete the 
immunological characterization of BORIS and to design innovative immunotherapies to be used 
in cancer patients BORIS-positive. 
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