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			Abstract

			Breast cancer is a heterogeneous disease with biological subtypes having different prognostic impacts. This facet is particularly evident in Neoadjuvant trials where Pathological Complete Response (pCR) rates vary. Studies have shown that patients who achieve pCR after neoadjuvant treatment have a better long-term outcome. Consequently, increasing the rate of pCR became the end point of neoadjuvant trials with the expectation of translation into improved survival. However, for luminal-A subtype patients this is not the case, as this cohort does not respond to chemotherapy. Here we consider why this might be the case and several approaches that could change the paradigm treating this cohort. 

		

		
			Introduction

			Breast cancer is a spectrum of many subtypes with distinct biological features that lead to differences in response patterns to various treatment modalities and clinical outcomes. Gene expression profiling has led to the molecular classification of breast cancer characterized by intrinsic subtypes: basal-like, HER2-positive, luminal-A, and luminal-B [1]. Up until recently, the subtypes were frequently treated as similar entities. However, there are obvious differences in subtype biological and prognostic characteristics. These differences are clearly evident in the neoadjuvant setting with pathological complete response (pCR) rates being the surrogate marker of efficacy to a therapeutic regime [2,3]. 

			Luminal A breast cancer, for example, is the most common subtype of all breast cancers. They express estrogen receptors (ERs) and/or progesterone receptors (PRs) and are negative for human epidermal growth factor receptor 2 (HER2) expressions. Patients with luminal-A breast cancer have a good prognosis; the relapse rate is significantly lower than other subtypes. Recurrence is common in bone, whereas liver, lung and central nervous system metastases occur in less than 10% of patients and treatment is mainly based on hormone-blocking therapy. However, patients with luminal-A breast cancers are not so sensitive to paclitaxel- and doxorubicin-containing preoperative or neoadjuvant chemotherapy [4]. Consequently, for luminal-A type breast cancers, the addition of chemotherapy to endocrine therapy generally provides little benefit as deemed from their low pCR rate and long-term impact of chemotherapy on the survival of these patients. Why is this? If we were to find a way to sensitize tumor cells to standard chemotherapy against luminal-A breast cancer would pCR for this subpopulation change clinical approaches outcomes?  

			The Problem

			From a clinical perspective, there is a need to understand the value of identifying the intrinsic subtypes, as well as gene expression-based classifications, beyond clinicopathological variables that can identify those patients that would benefit from particular therapeutics and the biological mechanisms that explains why subtypes respond to therapies the way they do. One conclusion is that the luminal-A subtype is de novo resistant to chemotherapies. Gene expression profiling of luminal-A type cells suggest that the BCL-2 family of proteins are upregulated in these cells [5]. BCL-2 proteins play a central role as guardians against apoptosis, helping cancer cells to evade cell death. Yet, paradoxically in breast cancer, BCL-2 family protein expression correlates with favorable prognosis and estrogen receptor (ER) positivity [6]. 

			The modulation of BCL-2 and its relevance to drug resistance is confounding. On the one hand BCL-2 down regulation leads to paclitaxel resistance supporting a direct role of BCL-2 down-regulation in the maintenance of drug-resistance [7]. Down regulation of BCL-2 has also been proposed as the reason for cisplatin resistance [8]. Yet other studies suggest its upregulation is associated with cisplatin resistance [9]. As BCL-2 is overexpressed in ~75% of breast cancer, there is much effort toward developing inhibitors targeting BCL-2 to enhance vulnerability to therapy in estrogen receptor-positive breast cancer [10]. Another consideration is Focal Adhesion Kinase (FAK) as a target. FAK is a cytoplasmic nonreceptor tyrosine kinase that enables activation by growth factor receptors or integrin’s in the tumor’s membrane. The overexpression and activation of FAK is correlated with the poor clinical outcome, highlighting FAK as a potential prognostic marker and anticancer target. Over-expression of FAK has been shown to block the caspase-3-mediated apoptosis; conversely, inhibition of FAK leads to apoptosis in cancer cells [11]. Silencing of FAK with siRNA has shown an ability to overcome taxane resistance [12]. Lastly, the immune suppressive effect of FAK is suggested by the induction of high levels of Ccl5 in FAK-overexpressing tumors, which inhibits antigen-primed cytotoxic CD8+ T cells and recruits Tregs to the tumor bed, and by the reversal of this effect with FAK inhibitors [13]. Such observations suggest alternative strategies via targeting FAK mRNA or FAK-mediated protein-protein interaction/signal transduction to advance the development of FAK-targeted therapeutics. 

			Approach to Augment Chemotherapy

			A novel approach to affect FAK function is the targeting of tumor associated carbohydrate antigens (TACA) representative of lactoseries and ganglioside and antigens. The neolactoseries Lewis Y (LeY) antigen can also influence the biological behavior of a tumor cell as an important composition of integrin αv, β3 by some signal pathway. LeY overexpression may be related to changes in the expression of cell cycle-related factors resulting from activation of the ERK/MAPK and PI3K/Akt signaling pathways. The expression of the LeY antigen, integrin αv and clinical stage of cancers are both independent, drug resistance-related risk factors.

			Antibodies directed against LeY inhibit signaling of LeY modified ErbB receptors [14]. Likewise, GD2, integrin, and FAK form a huge molecular complex across the plasma membrane. GD2+ cells can mediate detachment of cells to undergo anoikis through the conformational changes of integrin molecules and subsequent FAK dephosphorylation [15]. Anti-GD2 monoclonals that affect Akt and FAK activation [16]. 

			We have recently shown that antibodies to GD2 and to LeY induced by a carbohydrate mimetic peptide can sensitize luminal-A breast cancer cells to taxanes. These antibodies mediate apoptosis of cancer cells through caspase 3 [17]. In particular we showed that these antibodies can sensitize the human luminal-A cell line ZR-75 to taxanes [17]. ZR-75 cells express LeY [17]and sialic acid [18]. Sialic acid-binding lectin (SBL) has been shown to have growth suppressive effects on ZR-75 and other breast cancer cell lines attributed to the cancer-selective induction of apoptosis [18]. SBL induces p38 mitogen-activated protein kinase (MAPK) and consequently, activates caspase-3/7 in SBL-induced cell death. Tseng et al. [19] reported that SBL could induce cell death in ER-positive breast tumors through down-regulation of BCL-2 and ER. The anti-tumor effect of SBL-treated ER-positive breast tumors is accompanied by the downregulation of ER and BCL-2. Targeting sialic acid moieties using antibodies that function like SBL or using SBL directly might be additive or synergistic with chemotherapies or with targeted therapies. Consequently, targeting TACA on luminal-A cells might control apoptosis and sensitivity through different mechanisms and pathways.

			Clinical Outcome

			While pCR is a surrogate endpoint for prognosis in neoadjuvant chemotherapy for breast cancer patients with grade 1 and 2 who reached pCR still did not do well. Practically, this says that killing all cancer cells in the primary tumor bed does not matter, because patients who had pCR did not do better than those who did not reach pCR. In other words, eradicating all primary tumor cells in ER positive grade 1 and 2 breast cancer is not paralleled with eradication of disseminated tumor cells. This discrepancy might be explained by the pattern of dissemination in each cancer type/grade. If it is true that disseminated tumor cells leave the primary tumor bed as early as the in-situ phase and continue doing so during its invasive phase, one might easily understand the potential heterogeneity of disseminated tumor cells (DTCs) spread throughout the body in cancers with long natural history that spans over decades. In these slow-growing tumors the early DTCs are very likely different from the intermediate or late DTCs in their genomic profile and drug sensitivity. Conversely, fast-growing tumors are likely to have some degree of homogeneity between the primary tumor and the DTCs with similar sensitivity/resistance to chemotherapy [20-22]. Hence, eradicating high grade and rapidly growing tumors in the breast may be associated with eradication of all DTCs that carry the same sensitivity to chemotherapy, leading to a strong correlation between pCR and long-term survival in these patients. This is the challenge. 

			Raising the numbers of pCR for the sake of raising pCR number in low-grade primary tumors is unlikely to increase survival because many DTCs may escape the cell kill that occurred in the primary tumor bed due to their discordant sensitivity profile. Yet, the fact that pCR rates associated with grade 3 tumors and other tumor subtypes can reflect survival leads to a “what if” one can change grade 1 and grade 2 tumor types to be responsive like grade 3 tumor types. Sensitizing tumor cells with tumor associated carbohydrate antigens reactive antibodies that facilitates modulation of FAK function or interrupts survival-signaling pathways to enhance the cytotoxicity of standard chemotherapy would provide a new molecular platform for the development of immunotherapeutic strategies effective against solid tumors and might change treatment paradigms associated with breast cancer.
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