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Disclaimers, Potential Conflicts, Scope

Disclaimers

• This talk is built on 35 years in TBI research exploring “What the patient brings to the disease” (to 
quote Geoff Manley): A fascination with how host factors modify disease course or outcome

• However, I am not a geneticist or a spinal cord injury researcher

Potential Conflicts

• In last 5 years, Consultant, Trial Steering Committee, Data Management Committee, or lectures 
for several industry partners (Analog Garage, Astrocyte Pharma, Axoft , Dompe, Integra, Invex,  
Neurotrauma Sciences, PressuraNeuro)

• None of these are relevant to the current talk 

Scope

• Associations between genetic variation and neurotrauma outcome in humans – no preclinical 
models or differential expression of genes – in either neural tissue or peripheral bloo



Themes

• From prophecies to predictions
• Constructing a clearer crystal ball
• Alea iacta est: Biological underpinning of host phenotypes
• Candidate gene studies – pros and cons
• Genome wide associations – unbiased estimates of genetic risk
• Polygenic risk score – borrowing power from GWAS in other diseases
• Endotypes and precision medicine

“No head 
injury is too 
severe to 
despair of, 
nor too trivial 
to ignore." 

Hippocrates



http://www.tbi-impact.org/?p=impact/calc 

http://www.tbi-impact.org/?p=impact/calc
http://www.tbi-impact.org/?p=impact/calc
http://www.tbi-impact.org/?p=impact/calc
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Cumulative R2 : 0.35

Opportunities to improve precision
• Blood biomarkers (improve accuracy by ~12%)
• Better neuroimaging: MRI (+ quantitative CT)
• Cumulative R2 now probably ~0.5-0.6 



• Partial R2 inconsistently reported 
in SCI. (figures for van 
Middendorp model are 
approximate estimates derived 
from published data)

• So, less easy to compare with TBI

• However, in general, higher than 
TBI prediction models 
(Nagelkerke partial R2 0.55 – 0.8)

• Possibly less potential than TBI to 
increase prognostic precision 
(for some outcomes)?
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Genetics and iacta alea est……

1Attributed by Suetonius to Julius Caesar as he crossed the Rubicon

• Overall model of disease progression/outcome in TBI/SCI includes:

• Severity: GCS, injury level/completeness

• Neuroimaging

• Blood biomarker(s)

• Modulators: Age, sex, hypoxia, hypotension, extracranial injury

• Premorbid disease and pre-injury therapy

• The role of genetics: Iacta alea est1 (the die is cast) – at birth

• In most cases: multiple small effects (polygenic inheritance)

Maas, Menon et al. Lancet Neurology Commission on TBI (2017)



• Characterise impact of host response in TBI

• Quantifying/characterising its impact could:

• Improve prognostication

• Discover/refine pathophysiology

• Identify/prioritize targets for drug development informed by human data

• Identify subpopulations for Rx or Trials of new drugs

• Wider neurobiology – e.g. in aging/dementia (“the experiment of disease/injury”)

What could genetic association analysis deliver?
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• CACNA1A (FHM1) is one of three genes for Familial Hemiplegic Migraine

• Dominant inheritance, encodes Cav2.1 (P/Q) Ca2+ channel subunit,

• CACNA1A S218L mutation* 

• alters Ca2+ flux 

• increases spreading depression

• associated with fatal cerebral oedema after minor TBI
Coma after 

heading a 

football

Late cerebellar atrophy

*(Kors et al; Ann Neurol 2001; 49: 753)



Many other candidate genes investigated –

targets based on pathophysiology or role in other diseases





Candidate gene analyses in SCI

Gene Study N Outcome Association

Apolipoprotein E 
(ε4 allele)

Jha et al, 2008
89 cervical SCI
(83 European)

motor recovery
(no adjustment for 

injury severity)

Subjects carrying the 
variant showed less motor 

recovery

Apolipoprotein E 
(ε4 allele)

Sun et al, 2011
100 cervical SCI
(Han Chinese)

motor recovery
(no adjustment for 

injury severity)

Subjects carrying the 
variant showed less motor 

recovery

Brain-Derived Neurotrophic Factor 
(BDNF Val66Met polymorphism)

Leech et al, 2017 11  incomplete SCI
serum BDNF level 

during rehabilitation 
exercise

Subjects with variant 
showed blunted BDNF 
increase with exercise

α7-Nicotinic Acetylcholine Receptor 
CHRFAM7A

(α7nAChR Δ2bp variant)
Lin et al, 2021

45 severe/mild SCI
(European Americans)

Inflammatory 
mediators

↑↑ acute proinflammatory 
cytokines in severe SCI with 

Δ2bp, but less consistent 
over time & in mild SCI.

Transient Receptor Potential Ankyrin 1 
(rs11988795 & rs13255063 in TRPA1)

Vidal et al, 2017
24 SCI 

(Spanish)
neuropathic pain

Subjects carrying the 
variant were more likely to 

be free of neuropathic pain.

https://www.tandfonline.com/doi/10.1080/10790268.2008.11760708?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://link.springer.com/article/10.1007/s11033-010-0620-2
https://journals.sagepub.com/doi/abs/10.1089/neu.2016.4532
https://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0251110
https://pmc.ncbi.nlm.nih.gov/articles/PMC5798909/


Nociceptive pain

Musculoskeletal pain

Visceral pain

Neuropathic (NeupSig) pain

Probable at-level neuropathic pain

Probable below-level neuropathic pain

Neuropathic pain (DN4)

At-level neuropathic pain (DN4)

Below-level neuropathic pain (DN4)

Mixed pain

0               20              40              60             80             100 
AA haplotype frequency (%)

OR 4.7 (1.1 -20.1; p = 0.04)

OR 5.7 (1.3-24.9; p = 0.02)

OR 3.8 (0.6 – 22.2; p = 0.15)

OR 6.3 ( 1.2 – 31.9; p = 0.03)

OR 10 (1.4 – 73.3; p = 0.02)

OR 5.7 (1.00 – 31.5; p = 0.046)

OR 8.0 (1.4 – 47.0; p = 0.02)

OR 3.3 (0.3 – 42.9; p = 0.36)

OR 10.0 (1.4 – 73.3; p = 0.02)

OR 6.7 (0.8 – 57.1; p = 0.08)

AA haplotype (rs11988795/rs13255063) frequency by SCI pain subtype (total n=66)





Problems with many candidate gene studies

• Low genetic coverage

• Selection bias: The streetlight effect

• High false positive rate

• Often small sample sizes

• Inconsistent correction for covariates of relevance

• Publication bias

• Poor replication
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• GWAS of TBI incidence in VA Million Veteran 
Program 
• N = 304,485 (111,494 TBI, 192,991 controls). 
• SNP-based heritability was 0.060 (6%). 
• 15 genome-wide significant loci (p < 5×10-8)

• Gene-based analyses: 14 significant genes
• Top genes: NCAM1, APOE, FTO, and FOXP2. 
• Tissue expression analysis - brain enrichment

• Genetic correlations 
• Risk-taking behaviors/psychiatric disorders, 
• Stronger for risk-taking vs. psychiatric traits. 
• Less for neurocognitive variables. 

• Genetic architecture similar to polygenic 
psychiatric disorders, not neurodegenerative 
disorders 



Genome-wide study of SCI incidence/prevalence

Meta-analysis of NSSCI (Spinal Cord Injury) in AFR, AMR, and EUR Million Veteran Program (MVP) participants
• 27,144 cases
• 373,343 controls



However, these are all >>> 1 Mbase from SNP 
(Usual threshold for linkage disequilibrium). 

More robust conclusions need LD data, fine-
mapping or eQTL/chromatin-contact evidence

SNP locations and nearby genes : Conjectures and caveats



Issues with phenotyping in MVP GWAS/PheWAS 

• SCI recorded as binary survey-derived phenotype (“Spinal Cord Injury”; NSSCI)

• MVP metadata show NSSCI categorized under Surveys / Disease Diagnosis

• Reflect if participant reported diagnosis/history of spinal cord injury/impairment

• No AIS grade, neurological level, completeness, MRI features, mechanism, Rx 

• The GWAS treated this as a case–control binary trait. 

• Explains high prevalence: 27,144/400,487 ≈ 6.8% (vs. 0.19-0.25% general population)

Gaziano JM et al. 
Million Veteran Program: A mega-biobank to study genetic influences on 
health and disease. J Clin Epidemiol 2016: 70: 214



• Evidence of genetic influence on risk of sustaining TBI/SCI

• What about unbiased estimates of genetic impact on outcome?



5289 patients (4710 European ancestry)

Heritability (LD score regression): ~25%

No SNP significant at genome-wide levels 
(p < 5 x 10-8)

83 variants (13 loci) met pre-specified 
exploratory threshold (p < 105)

75 SNPs from past candidate gene studies:         
• rs1800450 in MBL2 sig (p 5.24 × 10−4)        
• Other past SNPs not significant                      
• This includes APOEε4

Conclusions/plans:
Underpowered - plan for extended study 
Explore combined subthreshold effects

Chromosome
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Calculating a PRS

PRS indicates probabilistic risk and could provide a basis for exploring shared biology 

Do PRS derived from GWAS in other diseases associate with related TBI outcomes?



Polygenic risk scores from PTSD and major depression applied to 1869 patients from CENTER-TBI & TRACK-TBI
Prediction of PTSD (PCL-5 > 33) & depression (PHQ-9 > 15); adjusted for known predictors, including prior psychiatric disease

      PTSD                    Depression



• Single centre study of 321 patients (95 with DC)

• SUR1-TRPM4 channel complex (includes sulphonylurea receptor)

• Implicated in pathophysiology of contusion (tICH) expansion in TBI. 

• 40 variants in ABCC8 (SUR1) and TRPM4 explored as drivers of tICH
• 4 SNVs in ABCC8 increased risk of tICH progression
• 4 SNVs in TRPM4 decreased risk of tICH progression. 

• Genetic information improved prediction of tICH expansion

• SNVs shown to influence SUR1-TRPM4 channel function in silico.







W J Biol Psych 2026; 27:1, 44-57

Based on data from UK BioBank: 

• 407 SCI subjects and 431,890 non-SCI subjects 

• Case identification based on ICD-10 codes for  
• SCI (S14, S24, S34, T06, T09) 
• Depression (F32, F33)



Expected (small) increase in 
depression with increasing PRS 
tertiles in non-SCI population

SCI increases overall risk of 
depression (OR: 2 – 4)

SCI substantially sensitises to 
increased risk associated with 
PRS categories (~ 5-10 fold)

Increase across PRS bins  
(lowest PRS tertile as reference): 
• If no SCI:  Ref -> 5%  -> 6.5%
• If yes SCI: Ref -> 27% -> 70%

Polygenic risk score for depression – risk tertiles

Classical demonstration 
of Gene x Environment 

interaction
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Randomization step



Genetic variations 
associated with variations 

in target mediator (X)
[X] Outcome 

Many sources of error:  
need to be excluded 
for reliable results

Advantage over direct measurement of target molecule
• Unconfounded by injury severity – early iacta alea est!
• Allows (retrospective) interrogation of targets
• Assess multiple targets at negligible extra cost



Mendelian Randomization Analysis Identifies the Interleukin (IL)-1 Cytokine 
Family as a Causal Driver of Traumatic Brain Injury Prognosis.

Bhak et al.  Neurocritical care 2026
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• Increasing power – sample size, analysis options, and logistics



Sample sizes for GWAS p <10-8 for: 
• Cases/Controls vs Quantitative Trait 
• Simulated with OR 1.5, MAF = 0.1 

10% of QT variance explained by SNP

Quantitative Traits in TBI
• ICP and ICU physiology
• Blood biomarkers
• Therapy intensity level
• Progression on imaging
• Cognitive outcomes
• Mental health outcomes



Sample sizes for GWAS p <10-8 for: 
• Cases/Controls vs Quantitative Trait 
• Simulated with OR 1.5, MAF = 0.1 10% 

of QT variance explained by SNP

Possible quantitative Traits in SCI
• Clin progress (motor recovery slope?)
• Progression on imaging (serial MRI?)
• GFAP/NFL levels/trajectories
• Therapy intensity level
• Rehabilitation progress
• Mental health outcomes ….



1960; 131: 1667

How would an advanced alien civilisation address the issue of generating 
knowledge and clinical evidence pertaining to genetic drivers in TBI/SCI?

1. Use information from a prospective GWAS project – a small proportion 
(probably <<0.01% of global cases) - a solar farm approach 

OR

2. Collect data from all clinical trials (or all the ~200,000  SCIs that occur 
annually) - a Dyson sphere of evidence generation
• Currently 1750-2000 patients enrolled in SCI Clinical trials 
• Estimated accrual of ~3000 patients/yr to SCI registries

Freeman Dyson theorized that 

hypothetical advanced alien 

megastructures would use energy 

photovoltaic shells in habitats around 

their star to solve energy problems; 

these would give off far infrared 

radiation and searching for that 

byproduct would be a viable method for 

searching for extraterrestrial life. 



HDR UK

UK SeRP

TBI-REPORTER Node
On DPUK TRE

Legacy/New Studies
& National audits
(n > 100,000)
Population cohorts
(n >2 million)
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Data Hub

Promote:
• Open access (FAIR)
• Patient & public input
• Access for neglected cohorts
• Engagement (16 UK centres)

Leverage: 
• Global UK leadership
• Legacy data/samples
• UK research infrastructure
• NHS data linkage 
• Links with sporting bodies

Underpin:
• Academia/Industry Ib/IIa trials
• Biomarker informed research 
• De-risked drug development

Facilitate:
• Phase IIb/III adaptive platform 
• Research training
• Robust legacy solutions
• Policy development

Patient & Public
Involvement/Engagement

Experimental Medicine Network

Pathfinder centres (n ~8)
Definitive network (n 12-16)

• Advanced neuroimaging
• Biosample processing
• Special expertise (PET, ECOG,   

HR ICU, brain microdialysis)

Framework for early-stage trials
• Template protocol/Ethics
• Integrated into NIHR CRN
• MHRA engagement
• Industry engagement

Biomarker Resource

• Biofluids/DNA
• Tissue/Cell banks
• Brain donation
• Neuroimaging
• Impact data
• TRL RTC data
• Outcomes

Establish generic processes for
• Regulatory templates
• Sampling, banking  & retrieval
• Assay harmonisation
• Image acquisition & transfer
• Digital biomarker pipelines

Admission DNA & serum sample banked from 
every patient in associated prospective studies



www.tbi-reporter.uk
     @TBI_REPORTER

Chloe Hayward   Peter Hutchinson    Adel Helmy      Fiona Lecky     David Menon      James Piercy          David Sharp    Emma Squires       Willie Stewart   Simon Thompson

Jamie Taylor Dot Chatfield Joanne Hinde

Margherita Tecilla Joanne Outtrim

TBI-REPORTER Team



Take home messages
• ~50% of outcome variance in TBI and ~20-30% in SCI unexplained by known or emerging risk factors 

• Genetically driven host response likely to contribute to remaining unexplained variance

• Past evidence from candidate gene studies - but these have drawbacks

• Best estimate that in TBI ~25% of outcome variance is heritable (what is the proportion in SCI?)

• However, even with ~5000 patients, GAIN was not powered to identify contributory variants in TBI

• Solution: 
• Bank DNA in every ongoing TBI/SCI study (observational or interventional) – Cost ~$20/patient
• Clinical variables, covariates and outcome are available “for free” from such studies
• Genotyping costs are low : ~$50-75 per sample
• Extending GAIN will cost <$100k per 1000 patients, or <$ 1 million for a further 10,000 patients
• Advantages in exome or whole genome sequencing, but costs range from $300-1000/sample
• However, costs are falling all the time, and if DNA is banked, much more may be possible



45

“You can’t start a fire …
   You can’t start a fire without a spark….
    …………………………
   Even if we’re (initially1) just dancing in the dark”

From:
Springsteen B. Dancing in the Dark. 
In: Born in the USA; Hit Factory 1984

1Modification by DKM



Translational Research to Inform Practice (TRIP)

Key questions: 
• To what extent does genetic variance modulate disease course and outcome in neurotrauma?
• What approaches can we use to determine such modulation?
• What can such information be used for?

Summary of presentation in lay terms: 
• Accumulating evidence that genetic variation does impact disease course/outcome in TBI/SCI
• Current studies have delivered intriguing, but not definitive, results
• Better evidence can be obtained through improved study design and increased study size  
• An efficient way to increase study size is to include all patients (or at least all patients 

recruited to any research study) in genetic analysis
• These approaches may lead to improved understanding of disease, deliver new treatment 

targets, and aid prognostication

How would pre-clinical work would better inform your research? 
• By validation of any genetic hits in human neurotrauma in preclinical models.      
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