Report for Pathological Society Small Grant Award (1175)

Cancer-associated mutations in normal endometrium
Grant Reference: 1175





Date of Report: 
20/10/2019

Applicant:
Dr Luiza Moore



Supervisor:
Prof Sir Mike Stratton

Address:
Cancer, Ageing and Somatic 
Mutation (CASM)

Wellcome Sanger Institute
Wellcome Genome Campus
Hinxton, Cambridge

CB10 1SA


Background
Endometrial cancer is the most common gynaecological malignancy in the developed countries with 8,984 new cases and 2,166 deaths a year in the UK1 with an increasing incidence that is linked to the rising levels of obesity and diabetes2. Histologically, endometrial cancer is classified into Type I (endometrioid adenocarcinoma) and Type II (includes serous adenocarcinoma and clear-cell adenocarcinoma). Type I is associated with hyperestrenism and risk factors include early age of menarche, late-onset menopause, nulliparity and obesity; Type II is mainly seen in post-menopausal women with age and smoking as the key risk factors. 

Recent large scale genomic studies have enabled further classification of endometrial cancer into four distinct molecular subgroups: POLE ultra-mutated, microsatellite instability (MSI) hypermutated, copy-number-low MSI stable, and copy-number-high serous like3. These studies have also allowed identification and better characterisation of ‘driver’ mutations, including PTEN, PIK3CA, TP53, KRAS, ARID1A, FBXW7 and PIK3R1 in endometrial cancer3,4.

However, there is now growing evidence that the so-called “driver” mutations are not unique to cancer and can also be found in non-neoplastic tissues (including endometrium) and that this observation may represent part of a phenotype of aging5-8. These findings force us to reconsider the rather simplistic binary distinction between ‘drivers’ and ‘passengers’ and impact early screening strategies. Therefore to better our understanding of the processes that are key to the neoplastic transformation in aging tissues, it is important to investigate somatic mutation and clonal evolution in morphologically normal cells.

Aims

1. To investigate prevalence of cancer-associated mutations and the effect of age in non-neoplastic (normal) endometrium through the application of laser-capture microscopy (LCM) and DNA sequencing.
2. To explore somatic mutations, including mutational processes (‘signatures’), burden and copy-number variants, in non-neoplastic endometrium from women of different ages to obtain better understanding of tissue remodelling and its implication in carcinogenesis.
Results

In this study, we laser-capture micro-dissected 257 morphologically normal endometrial glands from pre- and post-menopausal women (aged 19 to 81). In selected donors, we also obtained samples of normal endocervical and Fallopian tubular epithelium. Isolated cellular material was subjected to our modified library preparation protocol and subsequent whole genome sequencing (WGS).

Analysis of the WGS data identified that the majority of the glands were clonal cell populations sharing a recent common ancestor. Somatic mutations accumulated at a rate of 28 substitutions per year (P = 1.1e-07). Total mutation burden in the normal endometrial epithelium is higher than in other normal cells and manyfold lower than in endometrial cancers. Overall, despite the heterogeneity in age, reproductive history and BMI, we found relatively homogenous mutational processes to be operative in this tissue with only occasional outliers (SBS18 associated with reactivate oxygen DNA damage)8. 

Remarkably, we not only identify recurrent acquisitions of certain cancer-associated mutations, particularly those that are advantageous to cell growth, proliferation and migration, but also show that such events occur early in life, potentially even before adolescence. Using a generalised linear mixed effect model, we found that age has a positive association with the accumulation of driver mutations (0.034 driver mutations per year, P = 0.01), while conversely parity has a negative association (-0.33 driver mutations per parity event, P = 0.005). In some cases, the entire sampled endometrium becomes ‘neoplastic’ on the genomic level while still retaining a normal phenotype histologically.  
Our data identify a distinct mutational landscape in normal endometrium that is in keeping with the presence of early positive selection in this highly regenerative tissue.
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Peer-reviewed publication

1. Luiza Moore, Daniel Leongamornlert, Tim Coorens, Mathijs Sanders, Peter Ellis, Kevin Dawson, Francesco Maura, Jyoti Nangalia, Patrick Tarpey, Simon Brunner, Henry Lee-Six, Raheleh Rahbari, Sarah Moody, Yvette Hooks, Krishnaa Mahbubani, Mercedes Jimenez-Linan, Jan Brosens, Christine Iacobuzio-Donahue, Inigo Martincorena, Kourosh Saeb-Parsy, Peter Campbell, Michael R. Stratton. The mutational landscape of normal human endometrial epithelium. Manuscript under review in Nature

Invited talks

1. Next Generation Sequencing Forum China (keynote speaker in Beijing, Guangzhou and Hong Kong) (September 2019)

2. Next Generation Sequencing Forum Cambridge (keynote speaker) (October 2019)

Oral presentations

1. The mutational landscape of normal human endometrial epithelium. Abstract selected for oral presentation at the American Association for Cancer Research (AACR) annual meeting, Atlanta, Georgia, USA (March 2019)

2. The genomic and evolutionary landscape of normal human endometrial epithelium. Abstract selected for oral presentation at the Evolutionary Genetics and Genomics Symposium, Cambridge, UK (March 2019)

3. The genomic and evolutionary landscape of normal human endometrial epithelium. Abstract selected for oral presentation at the Cellular Cooperation and Competition in Cancer, Hinxton, Cambridge, UK (July 2019)
Poster presentations

1. The mutational landscape of normal human endometrial epithelium. Cell Competition in Development and Disease Keystone Symposium, Tahoe City, California, USA (February 2019)
2. The mutational landscape of normal human endometrial epithelium. 66th Annual Scientific Meeting of the Society for Reproductive Investigation, Paris, France (March 2019)
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