[image: ]






TRACC MB-PhD Programme Project Pro Forma

Project title: Harnessing the microbiome to improve therapeutic efficiency in childhood acute lymphoblastic leukaemia

Supervisory team: 

To successfully deliver this project, we assembled a team of established and early career researchers with distinct areas of expertise. 

· Dr Johan Vande Voorde (School of Cancer Sciences, University of Glasgow) is an early career researcher with expertise in cancer metabolism and metabolomics. His research has focused on identifying metabolic vulnerabilities of cancer and the impact of the microbiome on cancer therapy. His newly established lab at the Wolfson Wohl Cancer Research Centre studies the metabolic impact of the gut microbiome on cancer progression and therapy. 

· Prof Chris Halsey (School of Cancer Sciences, University of Glasgow) is a paediatric haemato-oncologist and is Head of the School of Cancer Sciences. As part of her NHS clinical duties, she cares for children with a wide range of malignant and non-malignant blood disorders. Her research focuses on the mechanisms of disease in paediatric acute lymphoblastic leukaemia (pALL) with a particular interest in adaptation of leukemic cells to their metabolic microenvironment. Her laboratory has extensive experience with in vitro and in vivo models of pALL.

· Prof Konstantinos Gerasimidis (School of Medicine, Dentistry & Nursing, University of Glasgow) is a Professor of Clinical Nutrition and established authority in diet, gut microbiota and metabolism in human pathophysiology. He has a strong interest and proven track record in manipulating the intestinal microbiome using dietary interventions to improve outcome of ulcerative colitis and Crohn’s disease. His laboratory team holds in-house expertise in characterising the microbiota composition and functionality.





Lab websites:

· Halsey lab: https://www.gla.ac.uk/research/az/childhoodleukaemiaresearch/

· Gerasimidis lab: https://www.gla.ac.uk/schools/medicine/staff/konstantinosgerasimidis/



Research question:

Cancer is the leading cause of death for children and young adolescents, and despite improvements in survival, leukaemia accounts for about a quarter of these deaths. Paediatric Acute Lymphoblastic Leukemia (pALL) is the most common childhood cancer. Maintenance therapy with intensive multi-agent chemotherapy is currently not personalized and lasts 2-3 years. Dose intensity during this treatment phase is of great importance since increased intracellular drug activation (phosphorylation) associates with reduced relapse rate1. However, the determinants of such drug activation are currently not understood. Even if cured, many survivors have significant treatment side-effects resulting in late mortality, poor quality of life and accompanying health and societal impacts2-4. Hence, there is an urgent need to develop more effective, and less toxic treatments for childhood ALL. 

It is well established that the gut microbiome is an important source of nutrients and metabolites with relevance to human health. However, bacterial metabolites can also have significant implications in cancer progression and therapy. Our preliminary data indicate that the intestinal microbiome is an important source of different classes of circulating metabolites with importance for pALL progression and chemoresistance. With this project, we aim to leverage the microbiome to reduce tumour cell proliferation and improve chemosensitivity. Furthermore, we aim to identify circulating metabolites that can be used for patient stratification. We will employ in vitro and in vivo models to meet the following aims: 

Aim 1. Study the effect of bacterial metabolites on proliferation/chemosensitivity of pALL cells

We will exploit data we have available from germ-free animals versus germ-free animals with a reconstituted microbiome to select two panels of metabolites. A first subset of metabolites (rationally informed panel) will be selected based on their described metabolic function and predicted interactions with commonly used drugs for pALL. A second subset of metabolites (agnostic panel) for which no obvious drug interactions can be predicted will be selected based on their fold change in circulation upon introduction of an intestinal microbiome. The effect of these metabolites on pALL cell growth and drug sensitivity will be tested using in vitro proliferation assays.

Aim 2. Identify bacterial strains that affect pALL progression/therapy

We aim to identify which bacterial strains can be responsible for the production of metabolites (discovered in Aim 1) that modulate pALL progression/therapy. This information will be used to design intervention strategies (e.g. antibiotic selection) to alter the composition of the microbiome and thereby reduce disease progression and increase therapeutic efficiency. 

Aim 3. Modulate the microbiome using preclinical mouse models of pALL

We will study the effect of ablating the microbiome on pALL progression and therapy in vivo. We will capitalize on preclinical mouse models already implemented at the Wolfson Wohl Cancer Research Centre. These include xenografts with pALL cell lines and patient-derived xenografts (PDXs). Top hits obtained from work associated with Aim 1, will be validated in vivo using metabolite supplementation studies. 






Relevance to Cancer: 	

This project aims to identify metabolic determinants of therapy response in pALL. Treatment for pALL relies on long-term treatment with cytotoxic agents. The high dose administered to these patients is required to prevent relapse. Our study aims to identify naturally occurring metabolites, produced by the intestinal microbiome, that prevent optimal therapy response. We aim to reveal whether blood analysis of patients prior to therapy can allow personalized treatment regimes, that maximize therapeutic efficiency while minimizing adverse side effects. Furthermore, since the microbiome shows plasticity and is amenable to modulation, therapy selection could include specific antibiotics where required.

Techniques/model systems to be used: 	

The successful candidate will be trained in both in vitro and in vivo models of pALL. State-of-the-art metabolomics will be employed to decipher the contribution of the microbiome to circulating metabolites, and how these affect pALL metabolism. 16S rRNA sequencing will be employed to identify bacterial strains with relevance to this work. This project will mainly be lab-based but there will be specific aspects that require computational analysis. 


References
(1) Nielsen et al., DNA-thioguanine nucleotide concentration and relapse-free survival during maintenance therapy of childhood acute lymphoblastic leukaemia (NOPHO ALL2008): a prospective substudy of a phase 3 trial. (2017) Lancet Oncol, 18:515-524.
(2) Robinson & Hudson. Survivors of childhood and adolescent cancer: lifer-long risks and responsibilities. (2014) Nat Rev Cancer, 14:61-70
(3) Cheung et al. Leukoencephalopathy and long-term neurobehavioural, neurocognitive, and brain imaging outcomes in survivors of childhood acute lymphoblastic leukaemia treated with chemotherapy: a longitudinal analysis. (2016) Lancet Haematol. 3:e456-e466.
(4) Halsey et al. The impact of therapy for childhood acute lymphoblastic leukaemia on intelligence quotients; results of the risk-stratified randomized central nervous system treatment trial MRC UKALL XI. (2011) J Hematol Oncol. 4:42.



Papers of interest:

· Vande Voorde J.*, Steven R.T., Najumudeen A.K., Ford C.A., Dexter A., Gonzalez-Fernandez A., Nikula C.J., Xiang Y., Ford L., Maneta Stavrakaki S., Gilroy K., Zeiger L.B., Pennel K., Hatthakarnkul P., Elia E.A., Nasif A., Murta T., Manoli E., Mason S., Gillespie M., Lannagan T.R.M., Vlahov N., Ridgway R.A., Nixon C., Raven A., Mills M., Athineos D., Kanellos G., Nourse C., Gay D.M., Hughes M., Burton A., Yan B., Sellers K., Wu V., De Ridder K., Shokry E., Huerta Uribe A., Clark W., Clark G., Kirschner K., Thienpont B., Li V.S.W., Maddocks O.D.K., Barry S.T., Goodwin R.J.A., Kinross J., Edwards J., Yuneva M.O., Sumpton D., Takats Z., Campbell A.D., Bunch J., Sansom O.J.* (2020) Metabolic profiling stratifies colorectal cancer, and reveals adenosylhomocysteinase as a therapeutic target. Nature Metabolism 5(8):1303-1318. *: corresponding authors.
· Vande Voorde, J., Ackermann, T., Pfetzer, N., Sumpton, D., Mackay, G., Kalna, G., Nixon, C., Blyth, K., Gottlieb, E., Tardito, S. (2019) Improving the metabolic fidelity of cancer models with a physiological cell culture medium. Sci Adv, 5, eaau7314.
· Savino A.M., Fernandes S.I., Olivares  O., Zemlyansky A., Cousins A., Markert E., Barel S., Geron I., Firshman L., Birger Y., Eckert C., Tumanov S., MacKay G., Kamphorst J.J., Hezyk P., Fernandez-Garcia J., Abramovich I., Mor I., Bardini M., Barin E., Janaki-Raman S., Cross J., Kharas M.G., Gottlieb E., Halsey, C. (2020) Metabolic adaptation of acute lymphoblastic leukemia to the central nervous system microenvironment is dependent on Stearoyl CoA desaturase. Nature Cancer, 1:998-1009.
· Williams MTS, Yousafzai YM, Elder A, Rehe K, Bomken S, Frishman-Levy L, Tavor S, Sinclair P, Dormon K, Masic D, Perry T, Weston VJ, Kearns P, Blair H, Russell LJ, Heidenreich O, Irving JAE, Izraeli S, Vormoor J, Graham GJ, and Halsey C. (2016) The ability to cross the blood-cerebrospinal fluid barrier is a generic property of acute lymphoblastic leukaemia blasts. Blood, 127(16):1998-2006.( PMID: 26869395).
· Neelis, E.G., de Koning, B.A.E., Hulst, J.M. Papadopoulou, R., Kerbiriou, C., Rings, E.H.H.M., Wijnen, R.M.H., Nichols, B., Gerasimidis, K. (2022) Gut microbiota and its diet-related activity in children with intestinal failure receiving long-term parenteral nutrition. JPEN J Parenter Enteral Nutr. 46:693-708.
· Zafeiropoulou, K., Nichols, B., Mackinder, M., Biskou, O., Rizou, E., Karanikolou, A., Clark, C., Buchanan, E., Cardigan, T., Duncan, H., Wands, D., Russell, J., Hnasen, R., Russel, R.K., McGrogan, P., Edwards, C., Ijaz, U.Z, Gerasimidis, K. (2020) Alterations in Intestinal Microbiota of Children With Celiac Disease at the Time of Diagnosis and on a Gluten-free Diet. Gastroenterology 159:2039-2051.

image1.jpeg
e CANCER

e RESEARCH UK

':f'o}mgf.- CLINICAL ACADEMIC
TRAINING PROGRAMME




