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Background

Secondary injury after traumatic brain injury proceeds through several partly
independent mechanisms, of which neuroinflammation [1], oxidative stress [2]
and disruption of the blood-brain barrier with endothelial dysfunction [3] are the
best characterised. Genetic association studies in this field are usually organised
one gene against one outcome, most often mortality or a dichotomised functional
score. Whether the biochemical pathway to which a gene belongs predicts the
type of complication that develops, and not merely its likelihood, has rarely been
tested directly.

Objective

To test whether six polymorphisms drawn from four biochemical pathways
segregate into pathway-specific associations with two clinically distinct
complication phenotypes of open traumatic brain injury.
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Methods

The study included 101 patients with open traumatic brain injury and 80 healthy

controls. Six polymorphisms were genotyped by real-time polymerase chain
reaction with allelic discrimination: IL-6 rs1800795 and TNF-alpha rs1800629
(inflammatory response), APOE rs769452 (lipid transport and membrane repair),
SOD?2 rs4880 (antioxidant defence), eNOS rs1799983 (endothelial function) and
MTHFR rs1801133 (folate metabolism). Two complication phenotypes were
defined before analysis. The infectious and inflammatory phenotype comprised
meningitis, ventriculitis, wound suppuration, brain abscess and cerebrospinal
fluid leak. The vascular and metabolic phenotype comprised cerebral oedema,
ischaemia and hypoxia. Three pathway biomarkers were measured: C-reactive
protein, malondialdehyde and homocysteine. Associations were assessed by
logistic regression adjusted for injury severity, age and sex.

Results

The six loci separated into two association patterns that matched their
biochemical pathways, and no locus was associated with both phenotypes.
Genes of the inflammatory response were associated exclusively with the
infectious and inflammatory phenotype. Carriage of the IL-6 CC genotype gave
an odds ratio of 6.5 (95% CI 1.7-24.8; p=0.003) and carriage of the TNF-alpha A
allele an odds ratio of 2.2 (95% CI 1.0-4.9; p=0.04). Both were accompanied by
a rise in the corresponding pathway biomarker, C-reactive protein reaching
35.2411.8 mg/L in IL-6 CC carriers and 37.9£12.4 mg/L in TNF-alpha AA
carriers [4].

Genes of antioxidant defence, endothelial function and folate metabolism were
associated exclusively with the vascular and metabolic phenotype. The SOD2
Val/Val genotype gave an odds ratio of 12.1 (95% CI 3.2-45.8; p<0.001) with
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malondialdehyde of 5.9+1.5 micromol/L [5], carriage of the eNOS T allele an
odds ratio of 3.5 (95% CI 1.5-8.2; p=0.003) with homocysteine of 24.7+6.9
micromol/L, and the MTHFR TT genotype an odds ratio of 8.8 (95% CI 1.7-44.5;
p=0.004) with homocysteine of 26.8+7.2 micromol/L [6].

Each association was therefore accompanied by a change in the biomarker of the
same pathway, which gives a consistent chain running from genotype through
biomarker to complication phenotype. APOE rs769452 did not fit either pattern
and reached trend level only (odds ratio 2.5; 95% CI 0.9-6.8; p=0.06); it is treated
as exploratory and excluded from the model. The absence of cross-pathway
associations should be interpreted with caution, since the sample size limits
power for the rarer genotypes and a weak cross-pathway effect could have been

missed.

Conclusions

1. Five of the six polymorphisms segregate into two non-overlapping association
patterns that correspond to their biochemical pathways: inflammatory response
genes with infectious and inflammatory complications, and antioxidant,
endothelial and folate metabolism genes with vascular and metabolic
complications.

2. Every association is accompanied by a change in the biomarker of the same
pathway, which supports a consistent genotype to biomarker to complication
chain rather than an isolated statistical association.

3. Pathway membership predicts the type of complication and not only its
probability, which argues for assembling marker panels according to coverage of
pathogenetic pathways rather than according to the effect size of individual loci.
4. APOE rs769452 does not fit either pattern and reaches trend level only, so it
should be reported separately as an exploratory marker.
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