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Background and aims: 

LVI is strongly involved in the development of metastasis, and has been shown to be a potent prognostic factor in breast cancer [1, 2]. However, underlying molecular mechanisms driving LVI in breast cancer have yet to be identified. Using the Molecular Taxonomy of Breast Cancer International Consortium (METABRIC) [3], a large genomic and transcriptomic study, we have identified genes that are significantly related to LVI status [4, 5]. Gene expression levels were compared between LVI-positive and LVI-negative cases using RobiNA [6]. Statistically significant enriched gene ontologies and pathways for differentially expressed genes were obtained using Gene Set Enrichment Analysis (http://software.broadinstitute.org/gsea/index.jsp) and  LVI-positivity was shown to be associated  with  “GO-EXTRACELLULAR-SPACE” (p<0.0001; FDR<0.0001). This pathway comprising 12 genes associated with LVI, after Clustering analysis, we evaluated the correlation between these candidate genes using the Cytoscape Genemania plugin and Lipocalin2 (LCN2) gene came out as a promising candidate. LCN2 have been known to play important roles in epithelial mesenchymal transition (EMT) via NGALR (receptor of LCN2) on the membrane of cancer cells [7]. LCN2 derived into stromal tissue regulate tumour angiogenesis and metastatic growth in the tumour micro-environment of breast cancer [8, 9]. 
High expression of LCN2 at both copy Number gain and mRNA levels was associated with poor prognostic factors, HER2 and basal type enriched classes. Similar results were observed using the external validation of the pooled data using BC-GenExMiner version 4.4 (n=3925) [10]. We therefore hypothesis that LCN2 may play a major role in modulating LVI in breast cancer. In this study, we therefore propose to confirm the role of LCN2 by investigating: 1) the clinicopathological and prognostic significance of LCN2 protein expression in a large cohort of invasive breast cancer, and 2) functional analyses of the biological mechanism on the relationship between LVI and LCN2 using breast cancer cell lines.
Specificity of LCN2 antibody (LS-C405956, Lifespan Biosciences, Seattle, Washington, USA) was validated by western blotting prior to immunohistochemistry (IHC). Full-face BC tissue sections and TMAs were immunoassayed using Novolink Max Polymer Detection system (Leica, Newcastle, UK) as previously described [11]. Immunoreactivity of LCN2 Nuclear expression in invasive tumour cells were individually assessed using the histochemical score (H-score), its association with clinico-pathological paraments and patient outcome were evaluated.
Differential expression of LCN2 was evaluated in different molecular subtypes of BC including luminal A (MCF-7) and B (MDA-MB-175), HER2 positive (SKBR-3) and Triple Negative (MDA-MB-231 and MDA-MB-468) cell lines. Based on the screening of LCN2 expression in BC cell lines, highest expression was observed in SKBR-3 and MDA-MB 157.  LCN2 were transfected with Silencer Select Pre-Designed functional siRNAs and a scrambled negative control and the efficiency of gene silencing were assessed using Western Blotting to ensure significant levels of knock down (KD). The effect of LCN2 KD on proliferation was assessed by the 3–(4,5–dimethylthiazol‐2–yl) ‐2,5–diphenyltetrazolium (MTT) assay.  Cell migration was determined using the Radius™ 24-well from Cell Biolabs (CBA-125; San Diego, CA).

Results:

Full-face BC tissue sections were used to evaluate the pattern of LCN2 protein expression prior to staining of TMAs. This showed uniformly weak LCN2 expression in normal glandular epithelium and DCIS. On TMAs, a variable degree of LCN2 protein expression in invasive BC was observed (Fig. 1A-B).

Low LCN2 nuclear expression was significantly associated with high Nottingham Prognostic Index, high histological grade (p<0.0001 for both), ER /PR negativity (p = 0.0013, p < 0.0001, respectively). In the Nottingham BC cohort, low LCN2 nuclear expression was significantly associated with high Ki67 labelling index (p < 0.0001), high N-cadherin expression (p = 0.00052), CK5/6 positivity (p = 0.0088) and EGFR positivity (p = 0.019). The low nuclear expression of LCN2 was associated with shorter breast cancer specific survival (p = 0.027; Fig. 1C).

We conﬁrmed that SiRNA targeting LCN2 reduced the level of endogenous LCN2 in BC cells compared to control cells. LCN2 transfected BC cells showed significant reduction int the cell proliferation (both p<0.01; Fig. 1D-E) and migration activity.

Conclusions: This study provides evidence for the prognostic value of LCN2 in invasive breast cancer and was associated with aggressive IBC phenotypes and poor outcome. 
How Closely Have the Original Aims been Met:

We have achieved the aims described in the original proposal and have managed to gather further the data which we are in the process of putting together in the form of publication. We showed that high expression of LCN2 is significantly correlated with poor patient survival.

Outputs (including meeting abstracts, oral presentations, original papers, review articles) from the study in which the Pathological Society has been acknowledged:

· We presented part of this work at NBCRC poster presentation, Nottingham UK.

Part of the LCN2 work is already published.

· Clinicopathological significance of lipocalin 2 nuclear expression in invasive breast cancer

November 2019; Breast Cancer Research and Treatment 179(10); DOI: 10.1007/s10549-019-05488-2
· We are currently working on a manuscript publishing the in vitro data, the society will be fully acknowledged and informed when this goes to press.
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Figure 1: Low immunoreactivity (A) and High immunoreactivity on TMAs (B); images are at x40 magnification. (C) breast cancer-specific survival is significantly worse in the LCN2-low group than in the LCN2-high group. LCN2 transfected BC cells showed significant reduction int the cell proliferation (D) SKBr3 and (E) MDA-MB157.Dotted line denote scrambled negative control and the continuous line represent transfected cell line, respectively.
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