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Background: Ruth Mitchell

Integrating fundamental bioscience and population health: integrating cell 
biology and epidemiology

Scope for engagement in the strand

Examples outputs



Antigen-specific peptide 
immunotherapy

Mouse model of multiple sclerosis - Experimental autoimmune 
encephalomyelitis (EAE)

Tg4 (B10.PL, H-2u) - TCR specific for myelin basic protein MBP Ac1-9

Th1 response: 
Pathogenic
IL-2
IFN-γ
Proliferative

in vivo 
differentiation

Successive treatments 
MBP Ac1-9

Th1 Tolerised

Anergic
IL-10 secreting
Suppressive
T-bet+
Protect mice from EAE 
upon 
adoptive transferIFN-γ

IL-10

David Wraith



IL-4 upregulates IL-10 in Th1 cells

Mitchell et al, 

PLOSONE, 2017

Tg4.IL-4R-/-

Dose escalation protocol 
MBP Ac1-9



IL-4 upregulates IL-10 in Th1 cells

Mitchell et al, 

PLOSONE, 2017



Transitioning into epidemiology

Lavinia 

Paternoster

George

Davey Smith

Nic

Timpson



Epidemiology study designs

OutcomeExposure

Case control studies

Cohort studies

Randomised
Control Trials

Cross sectional studies



Avon Longitudinal Study of Parents 
and Children (ALSPAC)

• Bristol based birth cohort study
• 1991 – 1992: 14,500 pregnant women
• Follow-up

Depth of data:
• Ongoing data collection
• Multi-generational data sets 
• Longitudinal data



UK Biobank

• 500,000 individuals
• Age 40 - 69 at recruitment

Biological measurements, lifestyle 
indicators, biomarkers in blood and 
urine, and imaging of the body and brain



Multiple sclerosis PheWAS
in UK Biobank

200 associations non-HLA 
genome

33 associations HLA 
genome

Genetic risk 
score for MS

Phenome

- weighted by log odds ratios
- z-score transformed

International Multiple Sclerosis Genetics Consortium, Science, 2019



Multiple sclerosis PheWAS in 
UK Biobank

Non-HLA genetic 
risk score for MS

Phenome

Excluded MS cases



Mendelian Randomization

https://www.youtube.com/watch?v=LoTgfGotaQ4

Two minute MR primer – George Davey Smith

Genetic 
variants

Exposure Outcome

Confounders

https://www.youtube.com/watch?v=LoTgfGotaQ4


Two sample 
Mendelian Randomization



Mendelian Randomization – MR Base



Investigating the causal relationship 
of neutrophils on malaria

Genetic 

instruments 

for neutrophil

count

Neutrophil

count
Malaria

Confounders

A Constantinescu, D Hughes, E Vincent, B Amulic



Exposure –
Neutrophil count instruments

European population African population in UK Biobank



Outcome –
Malaria

17,000 severe malaria cases and population controls from 11 countries



Investigating the causal relationship 
of neutrophils on malaria



Investigating the causal relationship 
of neutrophils on malaria



Disease progression

Incidence

Factor Disease

Intervention

Causes &
potential mechanisms 
for prevention

Effective treatment

Cases

Factor Progression

Intervention



Genetic epidemiology

Visscher et al., ., Am J Hum Genet, 2016



Cross-talk between epidemiology 
and laboratory science

Improved
Patient
Health

“the process of 
applying ideas, insights, 
and discoveries 
generated through 
scientific inquiry to the 
treatment or 
prevention of human 
disease.”



Population Health Sciences

Exposure Outcome
Causality

• Whole body human system
• Human population
• Inform laboratory science

Causal trait/causal gene to then 
take into further analysis

?

Cross-talk between epidemiology 
and laboratory science



Bioscience

• Pathways
• Proteins
• Model organisms

Disease or trait 
of 

interest

• Extremely difficult to instrument activity in an intracellular pathway
• Population Health Sciences limited by the data that can be collected

Cross-talk between epidemiology 
and laboratory science



Genetic epidemiology –
Protein GWAS



Patin et al., Nature Immunology, 2018

Genetic epidemiology –
Protein GWAS



Genetic epidemiology –‘look up’

Gene – SNPs – search for these in published GWAS 

https://www.gtexportal.org/home/



Genetic epidemiology –‘look up’

https://www.gtexportal.org/home/



Genetic epidemiology –‘look up’

https://www.gtexportal.org/home/



Genetic epidemiology - TWAS

Transcriptome-wide association studies: integrates GWAS and gene expression 
datasets to identify gene-trait associations

Wainberg et al., Nature Genetics, 2019

Zhu et al., Nature Genetics, 2016



Genetic epidemiology –
integrating eQTL and GWAS data

Pers et al., Nature Communications, 2015

Hormonozdiari et al., Am J Hum Genet, 2016

Taylor et al., Genome Medicine, 2019



Mendelian Randomization –
tissue specific MR



Mendelian Randomization –
tissue specific MR

http://mrcieu.mrsoftware.org/Tissue_MR_atlas/

http://mrcieu.mrsoftware.org/Tissue_MR_atlas/


Mendelian Randomization 
protein specific MR

https://www.epigraphdb.org/



Cross-talk between epidemiology 
and laboratory science

Munafó & Davey Smith, Nature. 2018 Jan 25;553(7689):399-401



Scope for engagement in the strand

• Discrete piece of work

• Facilitate collaborations

• Community building events

• Potentially one-off seminars



Example output:
contributions to papers

HDL and Renal Cell Carcinoma

Accepted for publication in Cancer Discovery. 

Mendelian Randomization Tissue expression Mouse models and cell biology

E Vincent, C Bull, C Simon, M Johansson, N Skuli



Example output: 
Team collaboration

Cases 123

Matched controls 103

Random controls 98

Repeat clinics (December 2020; April 2021 and 
June 2021) 

Biosamples

T cells

Antibodies

Pseudoviruses

Measurable traits

BMI

General Health

Asthma

L Wooldridge, L Rivino, K Northstone, N Timpson



Example output: 
Grant applications

Finding new osteo-anabolic drug targets for osteoporosis

Dylan Bergen



How can we help?

• Are in Bioscience or in population health?

• What stage of collaborating are you at? 

• What engagement do people want?

Email: ebi-mechanisms-populations@bristol.ac.uk

Website: www.bristol.ac.uk/blackwell/health-research/research-
strands/mechanisms-to-populations/
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