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ASSOCIATION BETWEEN CYTOKINE GENE POLYMORPHISMS AND CLINICAL 

OUTCOME AFTER TRAUMATIC BRAIN INJURY 

by Ryan John Waters 

Clinical outcome after traumatic brain injury (TBI) is variable and cannot easily be predicted. There 
is increasing evidence to suggest there may be genetic influences on outcome. Cytokines play an 
important role in mediating the inflammatory response provoked within the central nervous system 
after TBI. I hypothesise that polymorphisms within cytokine genes may alter gene transcription and 
thereby alter the magnitude and duration of the inflammatory response after TBI, which in tum may 
affect clinical outcome. 

DNA from buccal swabs has previously been collected from two separate cohorts totalling 1463 
patients treated after TBI. A clinical database for these patients has been collated, including details of 
their injuries, outcome (GOS) after 6 months (n=1067, identified prospectively) or outcome 15-25 
years after injury (n=396, identified retrospectively). Apolipoprotein E polymorphisms have 
previously been determined in these patients and association with outcome after TBI explored. 
Eleven single nucleotide polymorphisms (SNPs) in five cytokine genes were identified from the 
literature as having potential influence on outcome after TBI; -238 and -308 in TNF A, -174, -572 and 
-597 in IL-6, -889 in IL-IA, -31, -511 & +3953 in IL-lB and -509 and -800 in TGFB. After 
assessment of the DNA samples a DNA pre-amplification teclmique (GenomiPhi, Amersham 
Biosciences) was identified to enable multiple SNPtyping assays to be performed on a limited DNA 
resource. A number of techniques were evaluated in order to determine SNPtypes. The LightTyper 
high throughput detection system (Roche) was selected and assays were designed and optimised for 
all eleven SNPs listed above. The SNPtypes of each patient sample were then determined. 

In the prospective cohort (n= 1067) the TNF A -308 SNP was associated with outcome 6-months after 
TBI (p=0.009), with the rarer A allele associated with a poorer outcome. None of the other SNPs 
demonstrated an association with 6-month outcome when considered individually. Patients who had 
composites of the TNF A -308, ILIA -889 and ILIB +3953 SNPtypes were prone to poorer outcome. 
The TNF A GA haplotype was also associated with 6-month outcome (p=0.036). The ILIA -889 SNP 
was associated with the occurrence of seizures (p=0.049) and raised intracranial pressure (p=0.0 I) 
after TBI, whilst the ILIB -31 SNP was associated with severe infections (p=0.027). 

In the retrospective cohort (n=396) the TNF A -308 SNP (p=0.0 18) and the GA haplotype (p=0.021) 
were also found to be associated with 'long tern1' outcome. Two SNPs (ILIA -889 and ILIB +3953) 
and a haplotype (TTCT) in the IL-l gene cluster were associated with a change in functional ability 
(as assessed by the GOS) between 6-month and 'long-term' assessments. When possessed together 
the rarer' alleles at TNF A -308 and ILIA -889 significantly increased the risk of a decline in function 
(p=0.03). 

Organotypic hippocampal slice cultures (OHSCs) were used to investigate the potential neurotoxic 
or neuroprotective effects of IL-6 and apolipoprotein E in parallel in-vitro studies, in order to explore 
underlying mechanisms. IL-6 exerted a protective effect in an OHSC model of ischemia but not in an 
excitotoxicity model. In the same models significantly less damage was sustained by cultures treated 
with apolipoprotein E3 as compared to those with E4 (p=0.04, ischaemia; p=0.003, excitotoxicity). 

An association between cytokine gene SNPs and outcome after TBI has been demonstrated. This 
suggests that neuroinflammation after TBI does have an impact on clinical outcome and TNFa plays a 
crucial role in the process. These findings will require validation in other cohorts and the true 
biological effect of the SNPs must be confirmed. 
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Chapter 1 

General Introduction 



1.1 Introduction 

Central nervous system (CNS) injury results from many pathological processes, 

including vascular (thrombo-embolic and haemorrhagic) events, inflammation, 

infection, metabolic disturbance and trauma. The damage caused is often 

irreversible, and may result in death or serious disability. Patients who survive 

serious brain injury usually require long-term care and impose a considerable burden 

on society. However, on an individual basis, it is difficult to predict outcome. It is 

important to be able to establish prognosis both for patient information and planning 

for future needs and services. Prognostic factors may also provide clues to the 

underlying mechanisms that leave the brain more or less susceptible to damage and 

repaIr. 

Over recent years the role of genes, and gene polymorphisms, in terms of their role in 

disease susceptibility and outcome has been increasingly explored. This approach is 

now being extended to investigate the outcome after traumatic brain injury. 

1.2 Traumatic Brain Injury 

1.2.1 Pathology of head injury 

Traumatic brain injury (TBI) can be defined as brain injury after trauma from an 

external source. Most commonly this occurs as a result of road traffic accidents 

Injury Type Number (%) 
Motor vehicle occupant 295 (30) 

Pedestrian 126 (13) 
OtherRTA 87 (9) 

Work 63 (6) 
Assault 53 (5) 

Domestic 122 (12) 
Sport 30 (3) 

Fall under influence of alcohol 121 (12) 
Other 99 (10) 

Table 1.1 - Cause of head injury, as reported in the European Brain Injury 
Consortium Survey of Head Injuries (Murray et al., 1999) 
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(RTAs), falls or physical assault (Murray et at., 1999). Injuries to the brain can be 

classified according to a number of systems. The damage occurring after head injury 

may be defined as either a primary injury (usually resulting from the biomechanical 

effects of an impact with the skull and underlying brain parenchyma) or secondary 

(delayed) injury, resulting from biological processes provoked by the initial trauma. 

Alternatively injuries may be defined as focal (affecting a specific region of the 

brain) or diffuse (affecting many or all regions ofthe brain). 

Primary brain injuries may include: 

Skull fracture , which may be sub-divided in to depressed or non-depressed fractures, 

which can result in disruption of the underlying blood vessels, cortical laceration and 

cranial nerve damage. 

Surface haematomas; haemorrhage between the cortical surface of the brain and the 

overlying skull which may occur with or without skull fracture. Extradural 

haematomas are most often associated with skull fractures, usually as a result of 

arterial laceration. Subdural haematomas may occur after disruption of so-called 

'bridging veins ', running between the cortical surface and the overlying meninges, 

and, in the context of trauma, have a high mortality. There may also be haemorrhage 

into the subdural space from contused cortex, due to the disruption of small cortical 

vems. 

Figure 1.1 - CT images demonstrating the variety of pathologies seen after TBl. From 
left to right; extradural haem atom a, right parietal haemorrhagic contusion, mUltiple 

petechial haemorrhages, associated with diffuse axonal injury. 
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Intracerebral haemorrhage; bleeding within the brain substance, as a result of injury 

to larger, deeper, cerebral vessels. The frontal and temporal lobes are most 

frequently affected. 

Other haemorrhage; bleeding may also occur within the subarachnoid space due to 

laceration of small vessels within this space. If there is sufficient bleeding 

communicating hydrocephalus may ensue. Hydrocephalus may also occur after 

intraventricular haemorrhage. However, after TBI, intraventricular haemorrhage is 

uncommon but is usually indicative of a severe injury where it does occur. 

Contusion; superficial areas of haemorrhage and brain swelling, often resulting from 

damage sustained as the brain strikes the surrounding skull during sudden 

deceleration, due to the inertia between the brain and skull. 

Difjilse Axonal Injury (DAI); damage to the white matter in the cerebral hemispheres 

and the brainstem, resulting from rotational forces experienced during head injury. 

Microscopically there is evidence of diffuse injury to axons, characterised by axonal 

retraction balls, microglial stars and degeneration of white matter fibre tracts 

(Gennarelli et al., 1982). 

Parenchymal disruption; occurs in cases of penetrating head injury. This may be 

most severe in gunshot injuries due to the dissipation of energy from high velocity 

missiles. 

Secondary injuries may involve: 

Brain swelling/oedema; Brain oedema occurs when there is an increase in 

extracellular fluid within the brain parenchyma, resulting in increased tissue volume. 

Both cytotoxic and vasogenic mechanisms may play a role (Kimelberg, 1995). 

Vasogenic oedema develops due to increased permeability of the blood brain barrier 

(BBB) due to a combination of mechanical injury and tissue necrosis, causing 

disruption of capillary endothelial cells. This leads to an increase in interstitial fluid. 

In contrast, cytotoxic oedema is characterised by neuronal and glial cell swelling and 

is independent of BBB integrity. After TBI cells become increasingly pen11eable, 

4 



Figure 1.2 - CT images 
demonstrating diffuse cerebral 
oedema. In the lefj-hand image 
the basal cisterns are effaced 
and the lateral ventricles 
compressed, whilst on the right 
there is a loss of definition 
between the gyri and sulci. 

Images from Unterberg et aI., 
2004 

through various mechanisms, to Na+ and K+, which in turn leads to failure of ATP­

dependent ion channels and increasing cell swelling. It is becoming increasingly 

apparent that although vasogenic mechanisms play an important role in the 

development of oedema in tissue surrounding distinct pathology, such as 

haematomas, cytotoxic mechanisms are responsible for diffuse brain oedema 

(Unterberg et al., 2004). 

Hydrocephalus; occurs as a result of blood within the cerebrospinal fluid (CSF) 

space. This may cause obstruction of CSF flow within the ventricular system itself 

or by preventing absorption at the arachnoid villi. 

Raised intracranial pressure; is an important determinant of cerebral perfusion 

pressure (CPP) after TBI. CPP itself is important in determining cerebral blood flow 

(CBF), which is critical for meeting the oxygen demands of the injured brain, and 

thereby preventing secondary ischaemia. The Monro-Kellie hypothesis states that 

the sum of the intracranial volumes of blood, brain, CSF and any other components 

(such as a haematoma) must remain constant, and an increase in one of these must be 

offset by a decrease in another, or else intracranial pressure will rise. As we have 

seen trauma acts to increase pressure through oedema, haematomas and 

hydrocephalus, amongst others. Another important cause is increased blood volume 

resulting from a loss of normal cerebral autoregulation. 

Brain displacement/herniation; As a result of brain swelling or space occupymg 

haematomas areas of brain may be forced under the falx or through the tentorial 
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incisura where midbrain compression may occur. The cerebellar tonsils may be 

forced into the foramen magnum, causing compression of the medulla (a process 

known as a 'cerebellar cone' or 'coning'). 

Primary injuries generally occur at the time of trauma and are not preventable. Many 

of the secondary injuries occur as a result of biological processes that evolve over the 

minutes and hours after the initial injury. These processes may be amenable to 

therapy and may alter outcome in the clinical setting. 

1.2.2 Outcome after head injury 

Worldwide, head injury is a major cause of morbidity and mortality. In the UK one 

million people present to Accident & Emergency units every year having suffered a 

head injury (Teasdale, 1995; Report of the working party on the management of 

patients with head injuries, 1999). Approximately half are children under the age of 

sixteen. The death rate is 9 per 100,000 per year, 1 % of all deaths, but accounts for 

almost 20% of all deaths of people under 35 (Teasdale, 1995; Report of the working 

party on the management of patients with head injuries, 1999). 

The morbidity from head injury is significant, with impairment of many human 

functions. These include neurological, cognitive, behavioural and social deficits. It 

has been estimated that the lifetime cost of providing care to a person who has 

suffered a severe TBI in the United States approaches $2 million, although this does 

not include lost earnings and the cost to social services (NIH Conses Statement, 

1998). 

Head injuries are usually classified according to severity, from mild to severe. The 

majority of mild injuries do not require specific treatment while severe injuries, ifnot 

fatal, require expert treatment and often result in significant disability even after 

treatment. The severity of injury can be classified according to the Glasgow Coma 

Scale (GCS) (Teasdale & Jennett, 1974) (see Appendix Bl), with approximately 

90% being mild, 5% moderate and 5% severe (Kay & Teasdale, 2001). Mild to 

moderate injuries can result in long-ternl disability but this is often determined by 

quality of rehabilitation. After severe injury outcome is more dependent on medical 
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intervention and treatment (Finfer & Cohen, 2001). In these patients factors 

including mechanism of injury, patient age and physiological markers such as 

hypotension on admission adversely affect outcome (Demetriades et al., 2004). 

The outcome from head injury is variable and cannot be predicted purely on the basis 

of clinical features or radiological findings (Teasdale & Graham, 1998; Graham et 

al., 2000). It has been observed that apparently similar patients will have different 

outcomes despite similar injuries and clinical treatment. A study by Thornhill et ai. 

(2000) showed that age of over 40, pre-existing physical disability and a history of 

brain illness were independent predictors of poor outcome after mild brain injury. 

However 35% of patients without any of these factors still failed to achieve a good 

outcome. It has therefore been proposed that genetic factors may influence outcome 

after head injury and there is now evidence to support this theory (see Section 1.5). 

In studies of five-year outcome after head injury there is evidence for a general 

improvement in function although a decline is noted in some individuals (Masson et 

ai., 1997; Hammond et ai., 2004). However five years post injury is still not long 

enough to detect any decline later in life. Prospective studies of long-term outcome 

are sparse but do seem to suggest there is a decline (Corkin et aI., 1989; Plassman et 

aI., 2000). In addition there is a large body of evidence supporting the theory of 

traumatic brain injury as a risk factor for Alzheimer's disease (Mortimer et al., 1991; 

Guo et ai., 2000; Fleminger et ai., 2003), and a late decline in function after a 

previous head injury might therefore be expected. 

1.3 Neuroinflammation after brain injury 

After injury an inflammatory reaction is provoked. Inflammation within the brain 

differs from inflammation within other organ systems of the body. The brain is 

protected by the 'blood-brain batTier', a complex arrangement of endothelial cells 

lying on the basal lamina of the cerebral vasculature (Petty & Lo, 2002), which 

prevent large molecules and cells from entering the brain. After traumatic brain 

injury the ilU1ate immune response within the eNS is activated via the complement 

cascade (Ember & Hugli, 1997) and other inflammatory mediators such as cytokines, 

chemokines, prostanoids and kinins. Rapid activation of glial cells, mainly 
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Figure 1.3 - Overview of cells involved in cytokine 
release after head injury. 

Adapted from Allan & Rothwell, 2003 . 

Survival 

microglia, may be augmented by polymorphs, macrophages and T - lymphocytes that 

are able to cross a compromised blood-brain barrier (Holmin et ai. , 1998). These 

additional cells serve to exacerbate and perpetuate the inflammatory response within 

the CNS by the production of further inflammatory mediators. Blood brain barrier 

disruption is not a requirement for neuroinflammation post TBI, however. 

Experimental studies have clearly demonstrated rapid glial activation after injury 

without evidence of BBB breakdown (see below). 

In the periphery the inflarrunatory response IS generally one that is beneficial, 

providing a mechanism to promote tissue survival, repair and recovery, providing it 

is properly controlled and de-activated. In the CNS things are not so clear, as the 

inflammatory response may promote, for instance, the formation of brain oedema, an 

outcome that becomes detrimental if this causes a rise in intracranial pressure. It 

would be useful to identify which elements of the response were beneficial, which 

were detrimental and which become detrimental if they become unregulated or the 
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Figure 1.4 - An illustration of the ' cytokine cycle' and the possible 
influences of cytokine polymorphisms on this cycle, together with a 

possible interaction with the amyloid cascade. 

Redrawn from Gentleman et al., 2004. 

response is prolonged. This is not straightforward as each element does not act alone 

but interacts with other elements to produce a response that may be beneficial or 

detrimental in the short or long term. Indeed it has been proposed that microglial 

activation triggers a 'cytokine cycle' (Gentleman et al., 

2004) in which the initial cytokine response is 

beneficial but prolonged activation upregulates other 

pathways that result in later cognitive decline - see 

Figure 1.4. 

Microglia 

Microglia are small elongated bipolar glial cells, with a 

number of branches at their extremities. These 

extremities branch into a number of processes. They 

Figure 1.5-
Image of an 

activated 
microglia 
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represent 10-20% of the glia within the CNS and are unifonnly distributed (within 

both grey and white matter) (Berry & Butt, 1997). Microglia act as the brain's 

intrinsic immune system and play an important role in the process of inflammation 

after TBI. Damaged neurons are able to signal their distress to surrounding 

microglia, thereby activating them (Polazzi & Contestabile, 2002; Streit, 2005). 

Even in their 'resting' state microglial processes are highly active in the uninjured 

brain but after injury these processes rapidly converge on the site of injury (Davalos 

et ai., 2005; Nimmerjahn et al., 2005). Microglial activation is also characterised by 

the transfonnation of the cell into a proliferative phagocytic cell, capable of secreting 

a number of cytokines. Microglial activation is generally perceived to be a 

neuroprotective response after acute injury. Activated microglia are capable of 

producing IL-1, which regulates the release of other inflammatory mediators such as 

TNF-a and IL-6 from the microglia. TGF{3 is also produced by the activated 

microglia, promoting neural regeneration (see Section 1.9.4). 

Cytohnes 

Of all the mediators of inflammation within the brain possibly the best understood 

are the cytokines (Allan & Rothwell, 2003). Cytokines are a group oflow-molecular 

weight polypeptides, including the interleukins, chemokines, tumour necrosis factors 

and interferons. They are present in low levels in the nonnal brain, but levels 

increase after trauma, mediating both neuroprotective and neurotoxic effects 

(Hopkins & Rothwell, 1995; Rothwell, 1997; Lenzlinger et ai., 2001). 

Cytokines are not purely mediators of inflammation but have many other 

interactions. Central neurotransmission may be modified by cytokines. Second 

messenger systems interact with cytokines, altering calcium homeostasis and 

neurotransmitter release, both of which may affect brain response to injury. 

Neuronal growth, development and survival are also cytokine dependent, with some 

cytokines promoting cell growth or survival but others exerting neurotoxic effects. 

Often these effects are dose dependent. 
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GABA activity; IL-I 

Behaviour; IL-I 

Hippocampus 

Inhibition of long-tenn potentiation; 
IL-I , TNF 

Inhibition of calcium currents; IL-I 

Altered monoamine turnover; IL-I 

Epileptogenic actions; IL-I 

Brain damage and repair 

Blood-brain barrier damage; IL-I ,TNF 

lnduction of prostaglandin synthesis; 
IL-I, TNF 

Glial damage; TNF 

Oedema; IL-I , IL-6, TNF 

NGF production; IL-I 

Hypothalamus 

Fever; IL-l , IL-6, TNF 

Acorexia; IL- l , D-6, TNF 

HP A activation; IL-l, IL-6, TNF 

lnsulin release; IL-I 

Increased GH & prolactin synthesis; IL-I 

Figure 1.6 - Cytokine actions within the brain. 

Adapted from McKeating and Andrews, 1998 , 

The importance of the microglia in the inflammatory response was outlined above. 

As well as being a primary source of cytokines they are also a primary target, 

releasing many neuroactive substances in response to cytokine stimulation. 

Neurotrophins and growth factors provide neuroprotection but substances such as 

NO, free radicals and proteases are neurotoxic, In response to injury the final 

outcome in terms of neuronal survival will depend upon the cytokine release profile 

and the substances released in response to those cytokines. 

Cytokine genes are polymorphic (i.e. contain DNA sequence alternatives within 

normal individuals in certain populations- see Section 1.4) and these polymorphisms 

may alter the cytokine profile after injury, This change may be more or less 

neuroprotective, with resulting effects on clinical outcome. The effects of cytokine 

gene polymorphisms have been demonstrated in a number of disorders of the central 

nervous system. Polymorphism of TNF -ex is associated with a 7-fold increase in the 

relative risk of death from cerebral malaria (McGuire et aI" 1994). Interleukin-1 (IL­

l) polymorphisms may affect susceptibility to Alzheimer's disease (AD) (Nicoll et 
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at., 2000; Grimaldi et al., 2000) and influence long-tenn prognosIs 111 multiple 

sclerosis (Mann et al., 2002). IL- 6 has been associated with AD (Pola et al., 2002a) 

and increased risk of multi-infarct dementia (Pola et al., 2002b), the latter suggesting 

a role in mechanisms of brain ischaemia. Cytokine polymorphisms are also 

associated with a number of systemic conditions, such as outcome after sepsis (Ma et 

al., 2002) and the risk of gastric carcinoma (El-Omar et al., 2000). Evidence 

suggests that the association with gastric carcinoma is mediated by variations in the 

inflammatory response to infection of the gastric mucosa by Helicobacter Pylori. 

Apolipoprotein E and Neuroinjlammation 

Outcome after TBI may also be influenced by other non-cytokine factors that 

encourage or inhibit neuronal repair and regeneration. Apolipoprotein E (apoE) is a 

34 kDa protein facilitating lipid transport and metabolism within the brain. It plays 

an important role in the processes of neuronal maintenance and repair. After injury 

apoE is upregulated within the brain (Horsburgh & Nicoll, 1996; Horsburgh et ai., 

1997; Schauwecker et al.~ 1998; Horburgh et al., 1999), with most deriving from 

astroglia (Kamada et al., 2003). ApoE also reversibly binds to various neurotrophic 

factors that are expressed in response to TBI (Gutman et al.; 1997). The 

apolipoprotein E gene (APOE) is polymorphic and two nucleotide changes within the 

coding region of the genes result in three different isofonns being produced. A 

cysteine residue is replaced with arginine at positions 112 and 158 of the protein. 

The three different isofonns are thus; E2 (112 cysteine: 158 cysteine), E3 (112 

cysteine: 158 arginine) and E4 (112 arginine: 158 arginine). The important role of 

apolipoprotein E in the repair and maintenance of neurons, and its effects on 

outcome after head injury, is discussed in section 1.6. In the context of Alzheimer's 

disease it is known that chronically activated microglia may contribute to the 

neurodegenerative process (Streit et al., 2004) and apoE may modulate this glial 

activation in an isofonn-specific pattem (Laskowitz et at., 2001, Lynch et at., 2001). 

The apoE4 isofonn is less effective at downregulating inflammatory cytokines than 

the E3 isofonn. Therefore, through the medium of the microglia, apoE isofonns may 

influence the levels of cytokines produced after TBI, and thus influence outcome. 

Recent studies seem to confinn this, as a small peptide derived from the apoE 

receptor-binding region (enabling it to cross the blood-brain barrier) is able to reduce 
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TNF-a RNA levels after TBI and also improve functional outcome (Lynch et al., 

2005). In view of the previous studies showing an association between apoE 

isofonns and outcome after TBI and this putative mechanism for neuroprotection it is 

important to bear in mind the APOE genotype when assessing the impact of cytokine 

genes. It is also necessary to consider the role of polymorphisms within the promoter 

region of APOE that are in a position to influence the magnitude of APOE expression 

after injury. 

1.4 Genetic sequence variation and the importance of SNPs 

Within the human genome there is naturally occurring sequence variation, 90% of 

which is single nucleotide polymorphism (SNP) (Collins et al., 1998). But what 

exactly are SNPs? Brookes (1999) defined them as 'single base pair positions in 

genomic DNA at which different sequence alternatives (alleles) exist in nonnal 

individuals in some population(s), wherein the least frequent allele has an abundance 

of 1 % or greater.' The manner in which polymorphisms arise is diverse, and the 

distribution and frequency at which they occur varies (Salisbury et al., 2003). A 

SNP arises due to a single base mutation. Single base polymorphisms were first 

identified when the mutation resulted in the creation or deletion of a restriction site. 

Digestion of the relevant piece of DNA with the correct digestion enzyme could 

distinguish the different alleles by the creation of different sized fragments. These 

polymorphisms are known as 'restriction fragment length polymorphisms' (RFLPs). 

As technology has advanced it has become possible to identify SNPs that do not 

create restriction sites by utilising DNA probes or direct sequencing. 

The precise frequency of SNP occurrence within the genome is still unclear, as there 

is significant vatiation across DNA regions. Certainly SNPs are the most common 

genetic polymorphisms; some have estimated that there may be as many as 15 

million across the whole genome (Botstein & Risch, 2003). Other polymorphisms 

exist in the fonn of 'microsatellites' and 'mini satellites , (tandem repeats, for 

example). Microsatellites rarely occur within exonic regions and are unusual within 

promoter regions. Any detected association between a micro satellite and outcome is 

therefore usually attributed to linkage disequilibrium. 
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Figure 1.7 - Possible positions of SNPs and their resultant effects. 

From OIlier, 2004. 

Due to their frequency SNPs are important candidates to test as functional or causal 

mutations for disease susceptibility or severity. SNPs are found throughout the 

genome, in intronic, exonic and promoter regions. A SNP in a coding region may 

have a direct effect on the transcribed protein, whilst one in a promoter region can 

influence gene expression. 

If a SNP contributes an increased risk of a particular disease occurring then that SNP 

should be found at a higher frequency in patients with the disease than those without. 

Similarly if a SNP contributes to a better or worse outcome it will be present at a 

higher frequency in patients who do better or worse. By targeting genes with known 

biological activity, and investigating SNPs within the coding or promoter regions 

(which are more likely to have a functional effect) associations may become 

apparent. 

In this work I shall identify SNPs by their base position within the gene, relative to 

the transcription stmi site. Transcription stmis at position + 1, so SNPs lying within 

the promoter region will have a negative position number. 
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During my study I aim to investigate a number of cytokine, and non-cytokine factors. 

These factors are known to playa role in inflammation or neuronal repair within the 

CNS and are encoded by genes containing a number of SNPs. 

1.5 Genetic association studies 

Genetic association studies have become an increasingly popular way of examining 

the involvement of genetic variation in a variety of complex diseases. Many of the 

relevant studies in the field of TBI are discussed in Section 1.6. Association studies 

test whether a particular polymorphism (or allele) occurs more frequently in cases 

than non-cases. If an association should become apparent then this indicates that the 

polymorphism is within the 'susceptibility' locus, or in linkage disequilibrium* with 

the susceptibility locus. In either case identification of the association enables 

detection of people at risk of developing the given condition. Genetic susceptibility 

to complex conditions is in most cases likely due to many genes, which have small 

effects, rather than single genes. This, and the large number of identified SNPs 

within the genome, has led to a proliferation of association studies. However 

conclusions from these studies should be drawn with care. 

Many of the associations claimed within the literature have not proved to be 

reproducible. Hirschhorn et al. (2002) found that of 166 possible associations that 

had been studied on at least three occasions only 6 were reproduced at least 75% of 

the time. The explanation for this may fall into three broad categories (see Newton­

Cheh & Hirschhorn, 2005); 1) initial studies report a Type I error (false positive) 

which is then subsequently, and correctly, not replicated. 2) a correctly identified 

association is not replicated because follow-up studies are underpowered - a Type II 

error (false negative). 3) a true association in one population does not hold true in a 

second because of differing genetic and enviromnental backgrounds. It is likely that 

false-positive associations account for the majority of cases where an association 

cannot be replicated (Ioannidis et at., 2001). False positives may arise for a number 

of reasons (Brookes & Prince, 2005; Newton-Cheh & Hirschhorn, 2005). A 

• Linkage disequilibrium is the non-random association of alleles from two or more loci on a single 
chromosome. Haplotypes formed from these loci will occur more or less frequently than would be 
expected ifhaplotypes were formed randomly. 
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sufficiently large sample size must be used in order to attain sufficient power to 

detect effect sizes. In addition samples should be as genetically homogeneous as 

possible. Inadvertent sample stratification may occur in populations with a lot of 

demographic variation. Technical errors within the process of genotyping can also 

result in association errors, as only a small number of errors may mask a small gene 

effect. When performing studies it is important to ensure the phenotypic data is 

consistent, both within and between studies. Lastly the inappropriate use of 

statistical tests, such as the incorrect application of p-values, may result in incorrect 

interpretation of results. Cordell & Clayton (2005) have succinctly summarised 

some of the appropriate statistical methods for use in association studies. 

False negative results commonly occur due to underpowered samples. Where the 

genetic variable contributes only a small effect, as is often seen in complex disease, 

sample sizes must be quite large (often greater than 1000 participants) to achieve 

significance at the level ofp<0.05 (Newton-Cheh & Hirschhorn, 2005). Genotyping 

error and missing data will also mean there may be bias towards the null hypothesis. 

When comparing studies the possibility of sample heterogeneity must be considered. 

This may occur if a genetic variation manifests its effects only on a particular genetic 

or environmental background of many. Thus a polymorphism associated with 

outcome in one racial group may not be replicated in a different racial group. 

Despite the many factors outlined above that appear to limit the usefulness of genetic 

association studies they actually serve to make clear the requirements for any future 

studies. Studies must be undertaken III large homogeneous cohorts. 

Genes/polymorphisms must be chosen with care, with special attention given to 

genes and SNPs with known functional relevance and effect. Genotyping must be 

accurate and reliable. The correct statistical tests must be employed and appropriate 

significance values reported. 
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1.6 Genetic influence on outcome after head injury* 

The potential association of apolipoprotein E gene (APOE) polymorphism with head 

injury outcome was postulated almost ten years ago (Nicoll et ai., 1995). As 

discussed in section 1.3 apolipoprotein E is a key protein facilitating lipid transport 

and metabolism within the nervous system and has a role in neuronal maintenance 

and repair. It exists in three isoforms, coded by three alleles (E2, E3 and E4) that 

result in amino acid substitutions within the protein. A small study by Sorbi et al. 

(1995) showed the E4 allele of APOE was a poor prognostic indicator for post­

traumatic coma. A preliminary study of 93 patients by Teasdale et al. (1997) 

demonstrated a significant association between APOE E4 and poor outcome after 

head injury. Patients with the E4 allele were more than twice as likely to have an 

unfavourable outcome 6 months post head injury than those without. Subsequent 

studies have shown a similar association, although in all cases the subject numbers 

have been small. Friedman et al. (1999) reported only 3.7% of patients with the E4 

allele had a good recovery compared with 31 % of patients without. It should be 

noted that only patients who survived their injury and were referred for rehabilitation 

were included in this study. Outcome of patients who were able to complete a course 

of neurorehabilitation after TBI was also found to be associated with APOE 

genotype (Lichtman et al., 2000). Overall and motor recovery, as assessed by the 

Functional Independence Measure, were both significantly lower in patients who 

possessed the E4 allele than those without. In addition to this, Crawford et al. (2002), 

whilst demonstrating poorer outcome in E4 patients, found memory post TBI was 

worse. In their study 110 active and veteran American military personnel were 

assessed using a number of memory and cognitive measures. Although all patients 

displayed impaired perf0TI11anCe those with the E4 allele were significantly worse. 

A more recent study of outcome after head injury involving a much larger number of 

patients (n=984) (Teasdale et al., 2005) has shown a much smaller difference in 

outcome between E4 carriers and non-carriers. However the effect of E4 carriage was 

* This section has been modified from work published in the journal 'Current Opinion in Critical 
Care' (Waters & Nicoll, 2005). 
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more marked in children and young adults than at an older age. This emphasises the 

need for studies of this type to involve large numbers of patients. 

An important point in studies of genetic variation is the ethnicity of the population. 

Chiang et al. (2003) extended the findings of the above studies to a Chinese 

population, in whom the ~;4 allele is relatively uncommon in comparison to European 

and North American populations. 100 consecutive patients admitted with TBI were 

prospectively followed until 6 months post injury. More than twice as many patients 

with ~;4 had an unfavourable outcome at that stage than those without (52.6% v 

24.1 %). 

The APOE £4 allele is most frequently seen in people of African descent. The only 

study to have used a cohort of exclusively African subjects is that of Nathoo et al. 

(2003). In a sample of 110 black Zulu-speaking patients with cerebral contusions, 

demonstrated by CT scanning, there was a non-significant trend between the £4 allele 

and outcome. This may be because other gene interaction or expression is important 

in African populations or because of gene-environment interactions that modify the 

response to TBI in this population. 

The £4 allele adversely affects outcome after only a mild head injury. Sundstrom et 

al. (2004) were able to perform a series of neuropsychological tests on a small cohort 

of individuals both pre- and post-head injury. Those with the £4 allele performed 

significantly worse in three tests post-head injury, whilst those without the £4 allele 

performed no different. This confirms the findings of an earlier study (Liberman et 

al., 2002) which showed £4-carriers had lower neuropsychological outcome scores 

than non-£4 carriers at 3 and 6 weeks post mild TBI. A more recent study of 90 

patients (Chamelian et al., 2004), including patients who suffered mild to moderate 

TBI, did not find any association between the presence of the £4 allele and poor 

outcome. 

Amyloid p-protein (AP) (a protein that can form plaques within the brain and is 

involved in the pathogenesis of Alzheimer's disease) when present in the brains of 

patients with severe head injury (Robelis et al., 1994) is associated with the APOE 
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E4 allele (Nicoll et al., 1995). Of potential relevance to this there is a synergistic 

effect between the E4 allele and a prior head injury in patients with Alzheimer's 

disease (Mayeux et al., 1995). It is therefore important to see whether the E4 allele 

affects long-term outcome. Results from longer-term follow-up (Millar et al., 2003), 

studying patients 15 to 25 years after head injury, are available. Although 

confirming a late decline in function after TBI a relationship to APOE genotype was 

not shown. The mean age of the cohort was still too young to assess the risk of 

Alzheimer's disease. This raises the possibility that E4 only exerts short term effects, 

such as by worsening the initial injury, or that other genes have a greater importance 

in detennining long term outcome. 

It is still unclear why E4-carriers should have poorer short-term outcomes. The E4 

allele may predispose to pathologies that result in worse outcomes. After trauma 

patients with the E4 allele are prone to larger intracranial haematomas (Liaquat et al., 

2002) and seizures (Diaz-Arrastia et al., 2003), both of which may adversely affect 

outcome. It is suggested that APOE E4 promotes production of A~ aggregates, 

cytoskeleton alterations and oxidative damage (Horsburgh et al., 2000), whilst also 

impairing the ability of the brain to repair and regenerate. 

Polymorphisms within the promoter regIon may lllcrease APOE expressIOn and 

exacerbate the response to TBI. A recent small study (Lendon et al., 2003) 

investigated 3 promoter polymorphisms. A poorer outcome was found in -219 G/T 

carriers, but this may be confounded by evidence of linkage disequilibrium between 

this polymorphism and the E4 allele. 

There is increasing interest in how neuroinfiammation, and especially cytokines, may 

affect outcome after TBI. To date there is little information attempting to correlate 

cytokine gene polymorphism with outcome. A recently published study showed a 

significant association between the IL-l~ +3953 polymorphism and six month 

outcome after head injury (Uzan et al., 2005). However the patient numbers were 

small (n=69) so fuliher studies are required to confinn this finding. Minan1bres et al. 

(2003) were unable to demonstrate a role for the -174 G/C interleukin-6 (IL-6) 
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promoter polymorphism (which IS known to affect IL-6 levels) In influencing 

survival at 6 months. 

After TBI progressive neuronal death has been demonstrated (Smith et al., 1997). 

This may account for some of the late decline in function demonstrated by Millar et 

al. (2003). Many of the neurons die by the means of apoptosis. The p53 gene is a 

major regulator of apoptosis, and changes in its expression have been found after 

TBI (Lu et al., 2000). Martinez-Lucas et al. (2005) have shown an association 

between Arg/Arg genotype of the Arg72Pro polymorphism in p53 and worse 

outcome after TBI. However this was only apparent at the time of discharge from 

the Intensive Care Unit, and did not persist when 6-month outcome was examined. 

In summary, the majority of published literature supports the view that the £4 allele 

of APOE adversely affects outcome after TBI in the first 6 months post injury. Its 

effects over a much longer period are less clear. The evidence for a role for other 

genes is beginning to appear but further work is required before any conclusions can 

be drawn. 

1.7 Aims 

Clinical outcome after traumatic brain injury may be detennined by secondary 

processes occurring after the initial injury. An important component of the 

secondary process is the inflammatory response that is provoked. The magnitude 

and duration of this response may thus detennine clinical outcome. The response is 

mediated by a group of cytokines and the production of these cytokines may be 

altered by polymorphisms within their genes. The aim of this thesis is to investigate 

whether polymorphisms within genes that play a role in the neuroinflammatory 

response affect clinical outcome after head injury. If it can be demonstrated that 

cytokine genes have an influence on outcome after head injury then this may have 

important implications for fuliher understanding of the inflammatory response to 

brain injury, for prognosis after injury and possibly future treatment of patients who 

sustain head injury. 
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1.8 Hypothesis 

At the outset of the project I propose the following hypothesis: 

Cytokine gene polymorphisms, by influencing the magnitude and duration of the 

inflammatory response, influence clinical outcome after traumatic brain injury. 

1.9 Study Plan 

In order to test my hypothesis I will identify a number of cytokine gene 

polymorphisms that the current evidence suggests may have a role in determining the 

magnitude or duration of the neuroinflammatory response after TBI. These SNPs 

will then be determined in a cohort of patients who have sustained TBI. Within the 

same cohort measures of clinical outcome will be used to identify any associations 

between the SNPs and outcome after TBI. 

1.10 Patient Database 

A database of clinical outcome measures in a large number of patients who sustained 

traumatic brain injury, together with DNA samples, exists in Glasgow. Access to 

this material has been agreed. The database has been collected over a number of 

years and is a valuable resource for the study of genetics on outcome after head 

injury, as DNA samples exist for all of the patients in the database. The database has 

been utilised in previous studies of APOE genotype and head injury outcome (Millar 

et at., 2003; Teasdale et ai., 2005). Six-month outcome measures are available for 

the larger cohort of 1067 patients. In a smaller cohort (n=396) neuropsychological 

assessments are available after much longer follow-up (mean 18 years). At the time 

of DNA collection consent was given for its use in future studies of genetic influence 

on outcome. A unique 'P' number that links the sample with the corresponding 

patient record in the clinical database identifies each sample. By utilising this 

valuable database it will be possible to test my hypothesis and establish any cytokine 

gene/SNP associations. 
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1.10.1 Six-month follow-up patients 

Patient~ were recruited from consecutive admissions to the Institute of Neurological 

Sciences, Glasgow. This is the neurosurgical centre for the West of Scotland. All 

patients (n=1067) had sustained a head injury and were admitted between 1996 and 

1999. 

During admission clinical data was prospectively collected from patient records. 

This included the patient's demographic features and age, the cause of injury, clinical 

severity of brain damage in the acute stage as indicated by the Glasgow Coma Scale 

(Teasdale & Jennett 1974) and pupil reaction. The findings on CT scanning were 

classified according to the system of Marshall et al. (1991) and operative findings 

were obtained from case notes. The admission data is shown in Table 1.2. 

In order to assess outcome patients were contacted by letter or telephone six months 

after their head injury. A structured questionnaire was used to score the Glasgow 

Outcome Scale (GOS). See Appendix B2 for more information on the GOS. 

1.10.2 'Long-term' outcome patients 

This group comprises 396 patients who were treated at the Institute of Neurological 

Sciences, Glasgow between 1968 and 1985. They were known to have survived for 

at least six months post head injury and were subsequently traced via hospital records 

and General Practitioners. Early clinical data was obtained in a similar manner to the 

six-month follow-up patients. Six-month outcome was assessed using the GOS. 
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Non-E4 carriers f4 carriers All 

Total 660 (67.1 %) 324 (32.9%) 984 (100%) 

Sex 
Male 536 (67.3%) 261 (32.7%) 797 (81 %) 
Female 124 (66.3%) 63 (33.7%) 187(19%) 

Cause 
RTA 156 80 236 
Assault 146 76 222 
Fall 308 148 456 
Other 50 20 70 

Age (yrs) 
Mean 35 35 35 
SE 0.8 1.2 0.7 
Range <1 to 93 <1 to 86 <1 to 93 

Initial severity of 
brain injury 
GCS atA&E 
3-8 191 76 267 (28%) 
9-12 121 57 178 (19%) 
13-15 . 332 181 513 (54%) 

Pupils reactivity 
One or Both 603 299 902 (92%) 
Neither 57 25 82 (8%) 

CT scan pattern 
diffuse injury 
1 Normal 154 86 240 (24%) 
2 Lesions 261 120 381 (38%) 
3 Swelling 40 21 61 (6%) 
4 Swelling and 6 3 9 (1%) 
Shift 

Mass lesion 192 92 287 (29%) 
NoCT 4 2 6 (0.6%) 

Table 1.2 - Characteristics of acutely head-injured patients related to possession of APOE 
E4. 

Courtesy: Teasdale et al., 2005. 
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Long-tenn outcome was assessed with a panel of neuropsychological tests to detect 

cognitive decline. Pre-morbid intellectual function was estimated with the National 

Adult Reading Test (NART). Current function was established with the Mini Mental 

State Exam. Memory was assessed with sub-tests of the Wechsler Memory Scale 

(WMS) and the Graded Naming Test. Executive and attentional processes were 

assessed with the Stroop Neuropsychological Screening Test, Verbal Fluency (letter 

and category generation) and the Digit Span test from the WMS. Self-reported 

symptoms of depression, distress and psychiatric illness were assessed with the Beck 

Depression Inventory, General Health Questionnaire and Symptom Check List-90 

respectively. 'Overall' outcome was assessed with the GOS. 

1.11 Cytokine genes 

As discussed in Section 1.3 cytokines are a diverse group of peptides that mediate 

neuroinflammation. I have targeted cytokines likely to exert functional effects after 

TBI for further study. When assessing the published literature for evidence of 

functional effects of cytokines and their polymorphisms I have given special 

attention to studies examining their effects after TBI, their effect after other CNS 

insults which provoke inflammation (such as stroke) and also their influence on 

chronic neurodegeneration such as occurs in Alzheimer's disease. This has enabled 

the detennination of 11 target SNPs across four cytokine genes. 

1.11.1 Tumour Necrosis Factor-a 

Tumour Necrosis Factor-a (TNF-a) is a classical pro-inflammatory cytokine, 

playing an important role in initiating and controlling the inflammatory response. 

TNF-a is produced by all cell types within the CNS, although primarily by microglia 

and astrocytes. Initially synthesized as an inactive pre-cursor, pro-TNF -a, it is 

cleaved to its active fonn by the enzyme TNF-a convertase. The active fOlm can 

then bind to a member of the TNF-receptor superfamily, which includes two high 

affinity receptors, TNFRI and TNFR2 (see Allan & Rothwell, 2001; Locksley et al., 

2001). 

24 



TNF-a is known to be upregulated in the CNS after TBI (Shohami et al., 1994; Fan 

et al., 1996; Gourin & Shackford, 1997). In clinical studies raised levels of TNF-a 

in plasma and cerebrospinal fluid (CSF) have been demonstrated in patients after 

TBI (Goodman et al., 1990; Ross et al., 1994) as well as in patients with Alzheimer's 

disease (Tarkowski et al., 1999), encephalitis (Grimaldi et al. , 1991) and meningitis 

(Waage et al., 1989). 

LTA 

-857 

TNF Promoter 

TNF 

-238 

+ 1 

' Core' 
Promoter 

LIB 

TNF Gene 

Figure 1.8 - schematic demonstrating the TNF promoter 
polymorphisms on chromosome 6p21. LTA=lymphotoxin-a , 

LTB=lymphotoxin-~, the adjacent genes to TNF. 
Adapted from Bayley et al., 2004. 

It had been thought that the actions of TNF-a were generally neurotoxic. In 

hippocampal slice cultures TNF -a induces cell death in a dose dependent manner 

(Zhao et al., 2001) and exacerbates ischaemic injury (Barone et al., 1997, Wilde et 

al., 2000). In rodents inhibition of TNF-a reduces damage after head injury 

(Shohami et al. , 1996) and ischaemia (Nawashiro et al., 1996; Barone et al., 1997). 

However there was also a body of evidence suggesting TNF -a may have some 

neuroprotective effects. TNF -a has been demonstrated to protect neurons from 

excitotoxic damage (Cheng et al. , 1994) and to promote neuronal regeneration 

(Schwartz et al. , 1991). 
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More recent studies have now shown that TNF-a has a biphasic mode of action with 

an early neuroinflammatory effect followed by a late neuroregenerative action. 

Studies ofTNF gene knock-out mice have clearly shown that deficiency ofTNF-a is 

beneficial early after trauma but causes deleterious effects in the longer term 

(Scherbel et al., 1999; Stahel et al., 2000). If this holds true in humans then the 

effect of polymorphisms in the promoter region of the TNF gene may therefore be of 

vital impOliance in determining outcome after head injury. If they were to cause a 

reduction in TNF-a gene expression in the early phase or augment expression over a 

longer course then better outcome may result. 

The TNF-a gene (TNFA) is located at chromosome 6p21.3, amongst the cluster of 

MHC genes (see Figure 1.8). This region is highly polymorphic, with multiple SNPs 

within the TNF promoter region (see Figure 2.1). The -238 (G/A) and -308 (G/A) 

SNPs within the promoter region have been most extensively studied and a database 

of disease associations (both positive and negative) is available (Bidwell et al., 1999; 

Bidwell et al., 2001; Haukim et al., 2002). Studies have suggested the -308 SNP 

causes a significant alteration in transcription (Kroeger et al., 1997; Wilson et al., 

1997), but this is not a universal finding. The -238 SNP has not been shown to 

significantly alter transcription, but when combined as a haplotype with the -308 

polymorphism associations have been detected (Collins et al., 2000; Culpan et al., 

2003). 

1.11.2 Interleukin-1 

The interleukin-1 (IL-1) 'family' (reviewed in Rothwell & Luheshi, 2000) consists of 

three proteins, IL-1a, IL-lP and IL-lra. IL-1a (mostly membrane-bound) and IL-1P 

(the secreted fonn) are agonists that exert similar, if not identical, actions via a single 

cell surface receptor (IL-1R1). IL-lra is a highly selective antagonist of the same 

receptor. IL-la and IL-lj3 are formed as precursors, pro-IL-la being biologically 

active whilst pro-IL-1 j3 requires cleavage by caspase-1 (expressed by microglia) to 

become active (see figure 1.9). All ligands and receptor components are present at 

low levels in the CNS (Vitkovic et ai., 2000). After CNS injury IL-l ligand and 
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receptor levels are increased. Microglia are the mam source but with some 

contribution from astrocytes and neurons subsequent to microglial activation. 

The actions of IL-l appear to promote both acute and chronic effects. IL-l is 

induced rapidly after various forms of CNS insult, such as stroke (Legos et al., 2000) 

and TBI (Holmin & Hojeberg, 2004), but may remain elevated for some days 

(Holmin & Hojeberg, 2004) and is also associated with a number of chronic 

neurodegenerative conditions, including Alzheimer' s disease (Griffm et al., 1989), 

Parkinson's disease and multiple sclerosis (Basu et al. , 2004). 

IL-l exacerbates the acute damage observed after ischaemic and excitotoxic injury 

(Lawrence et al., 1998; Stroemer & Rothwell, 1998; Hailer et al., 2005) whilst IL­

Ira reduces damage (Relton & Rothwell, 1992; Hailer et a!. , 2005). Basu et al. 

(2005) have shown the IL 1 Rl receptor to be vital in this process. However IL-l has 

been shown to have neuroprotective actions in some models (Carlson et al., 1999; 

Pringle et al., 2001), suggesting IL-l receptor signalling is capable of initiating either 

MAPKs 

~ 1p42Jp441 ~ Q@ 

T~ 
I Nuclear transcription I mRNA stabilizalion I 

Figure 1.9 - Actions of IL- l. AcP=accessory protein, 
MAP=mitogen-activated protein, IRAK = interleukin-l receptor 

associated protein, TRAF=tumour necrosis factor receptor 
associated factor, KF-KB=nuclear factor-KB, JNK= c-jun amino 

terminal kinase. 

From Rothwell & Luheshi, 2000. 
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neuroprotective or neurodegenerative responses (Winter et al., in press). After TBI 

IL-1 appears to promote neurodegeneration (Lu et al., 2005), while IL-lra attenuates 

damage (Tehrani an et al., 2002; Jones et al., 2005). Inhibition of caspase-1 

(preventing cleavage of pro-IL-1 ~ reduces tissue damage and free radical production 

(Fink et aI., 1999). In some clinical studies a rise in CSF IL-1 has been cOlTelated 

with poor outcome (Chiaretti et al., 2005; Hayakata et al., 2004) although not in all 

(Winter et ai., 2004). 

The genes coding for the IL-1 family exist in a cluster on chromosome 2. The IL-1 a 

and IL-1~ genes (ILIA and IL1B) contain a number of SNPs, the most significant 

being -889 (CIT) in ILIA and -31 (CIT), -511 (CIT) and +3953 (CIT) in IL1B. The 

-31 and -511 SNPs lie within the promoter region and have recently been confirmed 

as having transcriptional activity (Chen et aI., 2006). They may also form part of a 

haplotype group (Chen et ai., 2006). The +3953 SNP (also identified as +3954 in 

some studies) lies within exon 5 of the IL1B gene. The SNP does not appear to 

cause a mutation within the protein, but does affect transcription (Pociot et aI., 1992, 

Hulkkonen et al., 2000). 

Two studies of interleukin-1 polymorphisms and their association with outcome after 

TBI are available in the literature. Uzan et ai. (2005) showed that patients who 

possessed the T allele at +3953 were significantly more likely to have a poor 

outcome. There was also an effect when the -511 SNP was considered together with 

the +3953. However the study was small and will require further validation. In a 

further small study the same group failed to demonstrate an association between the 

-889 polymorphism and outcome at 6-months. Studies have demonstrated an 

association between the ILIA -889, IL1B -511 and +3953 SNPs and increased risk 

of Alzheimer's disease (Grimaldi et al., 2000; Nicoll et ai., 2000) and the ILIA -889 

SNP with risk of cerebral infarction (Urn et al., 2003). The -889 SNP in IL-1A has 

been shown to influence the degree of microglial activation in Alzheimer's disease 

(Hayes et ai., 2004). 
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1.11.3 Interleukin-6 

Interleukin-6 (IL-6) has a role in regulating cell numbers and neuronal function 

within the CNS (Allan & Rothwell, 2001). It also plays an important role in the 

acute phase response in the periphery (Fey & Gauldie, 1990), including macrophage 

activation, B cell differentiation and stem cell support. IL-6 production is stimulated 

by TNFa and IL-1 and, like these two cytokines, IL-6 levels have been shown to 

increase in a variety of models of CNS injury (Arvin et at., 1996). IL-6 is produced 

primarily by microglia but also by astrocytes and neurons. It acts via a specific 

receptor (lL-6R) and the signal transducing glycoprotein gp 130 (Allan & Rothwell, 

2001). 

In models of cerebral ischaemia IL-6 has been shown to be neuroprotective (Loddick 

et at., 1998; Suzuki et al., 1999; Herrmann et al., 2003). However in clinical studies 

of stroke increasing IL-6 levels have been correlated with poorer long-term outcome 

(Vila et at., 2000; Smith et at., 2004). In studies of trauma higher IL-6 levels have 

been associated with better outcome (Singhal et al., 2002; Winter et al., 2004), 

although this is not consistent (Minambres et at., 2003). In Alzheimer's disease 

there is some evidence demonstrating raised levels of IL-6 (Maes et al., 1999; 

Licastro et al., 2000), suggesting a possible role in chronic neurodegeneration. 

The IL-6 gene on chromosome 7 has a number of significant SNPs within its 

promoter region including -174 (G/C), -572 (G/C) and -597 (G/A). These influence 

transcription through complex interaction (Terry et al., 2000). The -174 SNP has 

been associated with a number of disease conditions, including Alzheimer's disease 

(Licastro et al., 2003) and stroke (Greisenegger et at., 2003). In the only study ofIL-

6 polymorphism and outcome after head injury Minambres et at. (2003) found no 

evidence that the -174 polymorphism was associated with outcome. 

1.11.4 Transforming Growth Factor Beta (TGFI3) 

The TGFI3 family includes three isoforms TGFI3-1, 2 and 3. TGFI3-1 has been most 

extensively studied in the CNS, where it has a role in cell proliferation, 

differentiation and inflammation. TGF/3-1 is nonnally present in low levels in most 
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cell types in the CNS, although astrocytes and microglia are the main source after 

injury (Finch et al., 1993). Two receptors (T~Rl and T~R2) have been identified in 

the brain (Allan & Rothwell, 2001). 

TGFf3 is believed to be a mostly anti-inflammatory cytokine, but under certain 

circumstances may promote neurodegeneration. Studies of acute neurodegeneration 

have confinned the neuroprotective effects of TGFf3 in both in-vivo and in-vitro 

models, although under certain conditions it may trigger cell death (see Flanders et 

al., 1998, for review). TGFf3 also plays a protective role in chronic 

neurodegeneration, possibly by limiting microglial activation (Basu et al., 2002; Kim 

et al., 2004; Stoll et al., 2004). 

Similar to the other cytokines discussed there are a number of polymorphisms within 

the TGFi3-l gene on chromosome 19. Two SNPs in the promoter region, -509 (CIT) 

and -800 (GI A) are associated with higher concentrations of TGFf3-l in plasma 

(Grainger et al., 1999). If this holds true for concentrations within the CNS then 

these SNPs may enhance neuroprotection. No studies of the role of TGFf3-l 

polymorphisms on outcome after head injury have been published. Luedecking et al. 

(2000) found a modest association between possession of the -509 T allele and risk 

of Alzheimer's disease, although this has not been confinned in later studies (Araria­

Goumidi et al., 2002; Nishimura et ai., 2004). Sie et al. (2006) have recently shown 

the -509 T allele to be associated with an increased risk of stroke. 

1.12 Non-cytokine genes 

Although I shall be focussing on the potential effects of cytokine gene 

polymorphisms in the context of this project it is important to remember that these 

are only a handful amongst the many other genes which may be affecting outcome 

after TBI. Apolipoprotein E has been the focus of much attention but other genes 

that promote repair and regeneration (such as GAP43 or neurotrophic factors like 

NGF) need to be considered. Another altemative is to consider the genes which may 

promote or inhibit cell death after injury, such as p53. Due to the impOliant role 

apolipoprotein E plays within this field I shall outline some of the other 
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polymorphisms, especially within the promoter region, that are certainly worthy of 

further investigation. 

1.12.1 Apolipoprotein E 

The importance of the £4 allele of the APOE gene with respect to Alzheimer's 

disease risk is well documented. As already noted in section 1.6 it has been 

demonstrated that the £4 genotype may similarly affect short-term outcome after 

head injury, although the long-term effects are less clear (Teasdale et at., 1997; 

Friedman et at., 1998; Millar et at., 2003). 

The APOE gene on chromosome 19 is complex, with a number of SNPs within the 

promoter region. If these SNPs were to result in increased APOE expression then 

possibly they could affect the response to apoE after TBI. SNPs at positions -

219(T/G) and -491(AlT) alter the transcriptional activity of APOE (Artiga et at., 

1998). Other SNPs occur at positions -427(T/C) and + 113(G/C). 

The -219 SNP was associated with poor outcome after head injury in a small study 

(Lendon et at., 2003). The -219 and -491 polymorphisms may influence Alzheimer's 

disease risk (Bullido & Va1divieso, 2000; Laws et at., 2003). Further work is 

required to confirm the role of APOE in recovery after head injury, especially with 

regard to the promoter polymorphisms. 

1.13 Summary 

I have identified 11 cytokine gene polymorphisms that will be included in this study. 

The majority of these lie within the promoter region and are good candidates as 

SNPs that may affect cytokine gene transcription levels after TBI. The cytokine 

SNPs are summarised in table 1.3. The buccal DNA samples from the cohort of 

patients discussed in section 1.10 are currently stored in the Department of 

Neuropathology in Glasgow. An aliquot of each sample will be transferred to 

Southampton for genotyping of each SNP outlined above. When this genotyping 
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data is married with the clinical database it will be possible to detect any significant 

associations. 

Gene SNP dbSNP 
Effect ref -

Multiple positive 
-238 G/A 361525 association 

TNFa studies in various 
conditions, but 

-308 G/A 1800629 functional effects 
now in question 

Influences 

IL-la -889 CIT 1800587 microglial 
activation 

-31 CIT 1143627 Multiple positive 
association 

-511 CIT 16944 
studies in various 

IL-l~ conditions, 
+3953 shown to 

+3953 CIT 1143634 increase 
expression 

-174G/C 1800795 Complex 

IL-6 -572 G/C 1800796 interaction, which 
influences 

-597 G/A 1800797 transcription 

-509 CIT 1800469 Both SNPs 
associated with 

TGF~ 
-800 G/A 1800468 raised plasma 

concentrations 

Table 1.3 - Summary of cytokine polymorphisms included in the study. 

32 



Chapter 2 

DNA quantitation and 
pre-amplification 



2.1 Introduction 

DNA samples were collected from patients in the form of mouth brush samples. The 

yield of DNA from such samples is usually considerably less than from a similar 

amount of blood, but subsequent successful polymerase chain reaction (peR) is 

possible. APOE genotyping has been successfully carried out on all of the Glasgow 

patients (see below). 

2.1.1 DNA collection 

Obtaining high quality DNA is increasingly important for large-scale studies. It is 

often difficult to collect blood samples from such large populations, so alternative 

methods are required. Mouthwash and mouthbrush techniques are increasingly being 

used. Blood samples provide large amounts of genomic DNA but require a trained 

investigator to collect via an invasive technique (which may mean patients are 

unwilling to consent to the procedure) and can be difficult to transport. Epithelial 

cells derived from the buccal mucosa are an attractive alternative. They can be 

collected by self-administered, non-invasive, and relatively inexpensive techniques 

(Walsh et ai., 1992; Freeman et ai., 1997; Walker et ai., 1999). Buccal swabs and 

mouthwash protocols are the most commonly used methods for buccal cell 

collection. Buccal swabs are a 'dry' procedure, using a cytobrush to scrape the oral 

mucosa. Mouthwashes are 'wet' procedures involving swishing liquids in the mouth 

and spitting into a collection vessel. Both have advantages and disadvantages. 

Buccal swabs are efficient, cost effective and easy to process. Mouthwash sampling 

requires the handling of liquids, more complex processing and therefore higher costs. 

In a comparison of the two methods King et ai. (2002) concluded that mouthbrush 

samples was cost-effective and provided yields of DNA sufficient for genotyping. 

Even if the yield is insufficient for successful peR -based genotyping it is possible to 

amplify the material to provide accurate results. DNA yields in paediatric 

populations are lower than those in adults. Zheng et ai. (2001) demonstrated that 

they could use a method of whole genome amplification to improve peR efficiency. 
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This technique is also useful to provide additional template material when a large 

number of PCR assays are to be performed (see 2.1.3). 

2.1.2 DNA Quantitation 

It is important to ensure sufficient DNA is available for both the planned SNP assays 

and for any future studies. In order to calculate the amount of DNA required as PCR 

template the concentration of DNA in the sample must be known. A number of 

techniques for DNA quantitation have been developed, most determining 

concentration by measuring absorbance at 260nm. As described by Singer et al. 

(1997) there are a number of disadvantages to this method, notably the large 

contribution of nucleotides and single-stranded DNA to the signal, the effect of 

contaminants and the insensitivity of the assay. The fluorescence enhancement of 

ethidium bromide has been used as an alternative, but ethidium bromide does not 

bind exclusively to double-stranded DNA and its high intrinsic fluorescence limits 

sensitivity. 

Molecular Probes, Inc (Oregon, USA) have developed an unsymmetrical cyanine 

nucleic acid stain known as PicoGreen. This dye has high affinity for DNA, has 

negligible intrinsic fluorescence when unbound and large fluorescence enhancement 

when bound. The PicoGreen assay protocol can detect DNA amounts as low as 

25pg/mL. The presence of single-stranded DNA and RNA has minimal effects on 

quantitation results (Singer et al., 1997). 

2.1.3 Whole genome amplification 

Whole genome amplification is a valuable method for generating additional template 

from limited amounts of genomic DNA. This is important when the initial starting 

quantity of DNA is low but also when the number of assays to be run is high. This 

has become increasingly necessary as high-throughput techniques for SNP analysis 

have become available (Kwok, 2000). SNP analysis is increasingly performed on an 

industrial scale requiring milligram quantities of DNA in order to perfonn multiple 

assays. 
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When first conceptualised the PCR was intended to amplify a single locus in a target 

piece of DNA (Saiki et al., 1985; Mullis et al., 1986). As understanding and 

teclmology have developed the PCR has been modified to enable whole genome 

amplification. 

The most efficient and widely used amplification method is the degenerate 

oligonucleotide primer (DOP) method, first described in the early Nineties (Telenius 

et al., 1992). The technique is dependent upon initial low annealing temperature 

cycles, allowing the primers to initiate the PCR from short target sequences and 

degenerate primers. Degenerate primers have fixed 3' and 5' sequences flanking six 

degenerate positions (for example, Telenius et al. used the following primer in their 

original study 5'-CCGACTCGAGNNNNNNATGTGG-3', where N= A, T, G or C). 

The six degenerate positions create a pool of 46 primers to ensure priming at multiple 

positions throughout the genome. The annealing of the 3' end is stabilised by one or 

more of the degenerate positions at anyone priming site. After several low 

temperature annealing cycles the annealing temperature is increased to allow more 

specific priming. Cheung & Nelson (1996) demonstrated the DOP method allowed 

unbiased, hundreds-fold whole genome amplification of human genomic DNA. 

Genotyping of SNPs is possible from DOP amplified material. Barbaux et al. (2001) 

found DOP-PCR products could be successfully used for accurate genotyping, 

although a proof-reading Taq polymerase was required. Their DOP protocol enabled 

5000ng of material to be generated from lOng of starting DNA. The genotyping 

results from DOP template were identical to results previously obtained from 

genomic DNA. Grant et al. (2002) looked at a larger panel of SNPs (10 SNPs from 

different genes) and found there was a slight drop in data quality. The number of no­

calls remained about the same (1.3% in the DOP template group vs. 1.6% in the 

genomic) but the number of ambiguous calls rose (5.8% vs. 2%). However they still 

concluded that DOP amplification provided a valuable technique for increasing the 

amount of template available for SNP genotyping. 

The technique of DOP-PCR amplification has been successfully applied to a number 

of studies from the human genetics group in Southampton (Lawlor et al., 2004). 

Although the buccal swabs from the Glasgow cohort provided sufficient DNA for 
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successful APOE genotyping (Teasdale et al., 1997; Millar et al. , 2003) it is expected 

that a pre-amplification step will be required to ensure adequate template for multiple 

SNP assays. 

An alternative method of pre-amplification has recently become available, utilising a 

novel proofreading DNA polymerase that does not require thermal cycling. 

Bacteriophage Phi29 polymerase can exponentially amplify linear DNA template by 

strand displacement (Dean et al., 2001). The GenomiPhi DNA amplification kit 

(Amersham Biosciences, Piscataway, NJ) enables representative amplification in a 

different manner to the DOP protocol. Genomic DNA is added to a buffer 

containing random hexamer primers. The mixture is heated to denature the DNA 

and then cooled to allow random priming of the hexamers. The Phi29 enzyme is 

then added and incubated at 30°C. Thermal cycling is not required as the enzyme 

displaces downstream complementary strands to enable further priming by available 

hexamer primer (see Figure 2.1). The amplified DNA has high fidelity to the 

template as Phi29 polymerase has an error rate reportedly 100-fold lower than Taq 

polymerase (Estaban et al., 1993) . 

• +e+dNT?S+ 
PtJNON~ A",tIom 
Pol)'IK IJ'I t- hc.unNr p.1 mC'n 

Figure 2.1 - Illustration of 
the GenomiPhi pre­

amplification method. 

From www.genomiphi.com 
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SNP genotyping can safely be perfonned on GenomiPhi amplified material 

(Mamone,2003). No loss of heterozygosity has been shown and amplification from 

lng DNA gives equivalent results to genomic DNA. A much larger examination of 

the fidelity of Phi29 amplification has recently been completed (Paez et al., 2004) 

that found near-complete genome representation and no degradation of SNP 

genotyping accuracy. 

I shall compare the DOP-PCR and GenomiPhi pre-amplification protocols in order to 

establish which will be more suitable for my cohort of buccal swab samples. 

2.2 Methods 

2.2.1 Ethical Approval 

At the time of DNA collection consent was obtained to use samples for future studies 

of genetic influence on outcome after TBI. Ethical approval for this was sought and 

obtained from the Southern General Hospital ethics committee at the time. At the 

outset of this study the ethics committees in both Southampton and Glasgow were 

contacted and submissions presented. Approval to proceed was obtained from the 

Southampton and South West Hampshire committee in February 2004 (Ref. No. 

004/04/t), while an application to the Southern General Hospital committee in 

Glasgow was approved in March 2004 (Ref. no. ECI04/S/07). The relevant NHS 

Trust Research & Development officers were also infonned. 

2.2.2 DNA Preparation 

Buccal swabs were obtained by rubbing a cytology brush on the inner surface of the 

patient's cheek for approximately 15 seconds. The brush was then inserted into an 

Eppendorf tube with 400fll ethanol and agitated. The samples were then stored at 

4"C until return to the laboratory. In the laboratory the samples were centrifuged at 

13000 rpm for 30 seconds to pellet the cells. The ethanol was decanted. The 

pelleted samples were dried on a heat block at 55 'c for 30 minutes and then digested 

with proteinase K (100fll/ml) at 56°C for 1 hour. The proteinase K was then 
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inactivated by heating to 95°C for 10 minutes. DNA preparation was carried out at 

the time of the earlier studies (Millar et ai., 2003; Teasdale et ai., 2005) by Janice 

Stewart at the Institute of Neurological Sciences, Glasgow. 20lll aliquots of each 

sample were transferred to Southampton for cytokine SNP genotying. 

2.2.3 APOE Genotyping 

Janice Stewart also performed the initial APOE genotyping in Glasgow. 0.8lllofthe 

proteinase digest was used as template. Hot start PCR amplification was performed 

as previously described by Wenham et ai. (1991). The standard primers were used in 

a final volume of 15 III per sample. Thermal cycling consisted of 40 cycles of 94°C 

for 1 minute, 65°C for 1 minute and 72°C for 2 minutes. The PCR product was 

digested with Hha 1 for at least 3 hours. The digestion products were separated by 

polyacrylamide gel electrophoresis, stained with ethidium bromide and displayed by 

ultra-violet transillumination. 

2.2.4 PicoGreen Quantitation 

PicoGreen quantitation reagent (Molecular Probes) was diluted 1 in 200 in TE buffer 

(10mM Tris-HCl, ImM EDTA, pH 7.5). In order to create a calibration curve a 

stock standard solution of DNA was diluted to provide samples with known 

concentrations of 40, 20, 10 and 5ng/1l1. 6 patient samples were selected at random 

to test on the initial run. 

For each sample 21ll was added to 50lll TE buffer in the well of a 96-well plate. 50lll 

of diluted PicoGreen reagent was added to all wells and incubated in the dark for 15 

minutes. The plate was then scanned on a Fluorimager 595 (Molecular Dynamics, 

Sunnyvale, CA). ImageQuant software (Amersham Biosciences) was used to 

anal yse the data. 

39 



2.2.5 Dop-peR 

The DOP protocol was a modified version of that used by Cheung and Nelson 

(1996), in order to minimise the loss of representation of GC-rich regions. DOP-PCR 

was perfonned in a final volume of S0/11 per reaction. All reactions were perfonned 

in 96-well plates (Abgene®, Epsom, Surrey, UK). The reaction mix contained lOx 

DOP Buffer (SOOmM Tris-HC1 pH 8.9, 140mM Ammonium Sulphate), 2S0/1M 

dNTPs, l/1M DOP primer (S'-CCGACTCGAGNNNNNNATGTGG-3'), 2.SmM 

MgCl, 1.3M Betaine, 2.S units Taq DNA polymerase (Gibco, Paisley, UK) and 0.02 

units Pwo polymerase (Roche, Basel, Switzerland). PCR cycling conditions were as 

follows: 94°C for S minutes followed by 8 cycles of 94°C for 1 minute, 30°C for 1 

minute and noc for 3 minutes. This was followed by 28 cycles of 94°C for 1 

minute, 60°C for 1 minute and 72°C for 3 minutes. Heat cycling was perfonned on 

an MJ Research PTC-22S DNA Engine Tetrad® (Genetic Research Instrumentation 

Ltd, Braintree, UK). 

2.2.6 GenomiPhi Amplification 

The GenomiPhi amplification kit (Amersham Biosciences) consists of three 

components; sample buffer (containing hexamer primers), reaction buffer (salts and 

deoxynucleotides at optimum pH) and enzyme mix (Phi29 polymerase with random 

primers). 

Pre-amplification was carried out in 96-well plates (Abgene). 9/11 of sample buffer is 

added to the template DNA (1/11 and 3/11 of genomic DNA were trialled as template) 

and then heated to 9SoC for 3 minutes. The sample was then cooled on ice prior to 

adding 9/11 reaction buffer and 1/11 enzyme mix to each sample. The plate was then 

sealed with a rubber mat and left to incubate at 30°C for 18 hours. The Phi29 

polymerase was then heat inactivated during a 10 minute incubation at 6S°C. 

Heating and incubation were carried out using the same PCR block as for the DOP­

PCR amplification. 
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2.2.7 Post amplification peR 

The amplification products were tested using two reliable peR protocols available in 

the laboratory. R52 and Q90 are polymorphisms within the GHRelin gene. 

peR products were displayed on microplate array diagonal gel electrophoresis 

(MADGE) plates. The MADGE system (see Day et al., 1995; Gaunt et al., 2003) 

uses 96 track origins at the same pitch as the wells of a 96-well plate. The long axis 

of the array is angled at 18.40 to the direction of electrophoresis allowing samples to 

pass between wells on adjacent rows, giving a track length of 26mm. 5% 

polyacrylamide gels were formed by mixing 8.3ml 30% acrylamide: bis solution 

with 5ml 10xTBE buffer Cl08g Tris base, SSg Boric acid, 9.3g EDTA disodium salt 

in llitre, pH 8.3) made up to 50ml with water. To polymerise the gel 150).11 25% 

ammonium persulphate and 150).11 tetramethylethy1enediamine (TEMED) are added 

and the mix poured into a moulded plate former. The former is covered with a glass 

plate coated with silane and left to set. After five minutes the gel, now adherent to 

the glass plate, can be removed from the former. 

Prior to electrophoresis the gel is pre-stained with ethidium bromide by submerging 

it in 100ml TBE with 10).11 stock ethidium bromide and agitating for 15 minutes on a 

shaker. 5).11 of peR product together with 2).11 formamide (98% deionised 

fonnamide, 10mM EDTA, xylene cyano1) loading dye are loaded into each well. 

Electrophoresis is then performed at 150V for 8 minutes. The gels were then 

visualised on a Fluorimager 595 (Molecular Dynamics) and analysed with 

ImageQuant software (Amersham Bioscience). 
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2.3 Results 

2.3.1 DNA Quantitation 
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Figure 2.2 - Q90 and R52 PCRs run on blood-derived ' control' DNA 
(' lab ' samples) and on the buccal swab DNA (labelled only with the 
assay type). 2/.!1 of sample was used as template for each reaction. 
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The Q90 and R52 PCRs were successfully performed on a template of genomic DNA 

from the buccal swabs (Figure 2.2), although not for all samples (six out of eight 

samples were successfully typed for both of the assays). The bands observed after 

electrophoresis were of considerably lower intensity than those from blood derived 

' control ' DNAs, confmning the concentration of DNA in the buccal swab samples 

was lower than in blood derived samples_ 
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Stock DNA 

Neat buccal 
DNA 

Buccal DNA 
1:5 dilution 
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Figure 2.3 - PicoGreen Quantitation. Although it was not possible to 
accurately quantify sample concentrations the intensity ofthe sample 

wells is clearly less than even the 5J.lg/ml stock solution 

PicoGreen quantitation of six random samples demonstrated DNA concentrations 

<5f.Lg/ml for all six samples (Figure 2.3). The samples were quantified twice (on 

separate runs) to ensure against error (the two 'neat buccal DNA' rows). A dilution 

had also be performed in case the sample concentration was higher than the stock 

DNA concentrations. The exact concentrations of the samples could not be 

calculated accurately as they lay below the lower points of the calibration curve. 
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2.3.2 peR on DOP product 

Figure 2.4 shows the results when the peR protocols were run on varying amounts of 

DOP amplified material. Some improvement in electrophoresis band intensity was 

seen in comparison to the unamplified buccal samples, but the template was still 

insufficient to run reliable peR. Increasing the amount of template DNA used in the 

DOP reaction to 5)..1.1 did not improve peR performance. Using DOP amplified 

material as template for a further DOP amplification (,double DOP') did not improve 

peR results. 
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Figure 2.4 - Q90 peR run on DOP product. 111 indicates 1 J..ll of genomic 
DNA used as template for DOP amplification then IJ..ll of the DOP product 
used as template for Q90 peR, 112 indicates 1 J..ll of genomic DNA used as 

template for DOP amplification then 2J..ll of the DOP product used as 
template for Q90 peR etc. 
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2.3.3 peR on GenomiPhi product 
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Figure 2.5 - Q90 PCR on GenomiPhi amplified DNA 
template. Row a=6 samples amplified from 1111 

genomic, row b= same samples amplified from 1:2 
genomic, c = control DNA, ntc=blanks 
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Figure 2.6 - three samples amplified from 1111 genomic. Varying 
amounts of this material then used as template for subsequent 

PCR. a=control DNA, b=blanks, c=21l1, d=IIlI, e=0.51l1, f=0.251l1 
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peR on GenomiPhi amplified material was more successful. Although not 

approaching the intensity of blood derived samples, the electrophoresis bands 

derived from GenomiPhi amplified samples were much more consistent than those 

from DOP amplified samples. Even when the initial template amount of DNA to be 

amplified was halved GenomiPhi could still amplify sufficiently to enable further 

peR (see Figure 2.5), although at this concentration there were more failures. 1111 

was adopted as the standard template quantity. Once amplification was achieved 

only 0.5111 of the product was needed as template for the subsequent peR, as this 

achieved as good results as larger amounts oftemplate (Figure 2.6). 

2.3.4 Comparison of DOP with GenomiPhi 

.~ Lab f:J\JA 
,-f -

Figure 2.7 _. DOP and GenomiPhi comparison. 2Jll of the product of 
each of the amplification reactions was used as template for the Q90 
peR. ' Lab DNA' is blood derived 'control' DNA. The GenomiPhi 

amplified samples demonstrate markedly clearer electrophoresis bands 
than the DOP amplified samples. 

OOP 
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When the DOP and GenomiPhi methods were directly compared a difference could 

be observed. GenomiPhi provided superior amplification (Figure 2.7). 8 samples 

were used, pre-amplified by both the DOP and Phi29 methods. The Q90 PCR was 

then used on all of the samples. As can be seen in Figure 2.7 six out of eight samples 

were genotyped after DOP amplification. All eight were typed using the Phi29 

amplification. Clearer electrophoresis bands are obtained using Phi29, as compared 

with DOP, in seven out of eight of the samples. 

3.3.5 GenomiPhi on larger sample numbers 

When applied to a larger sample SIze the GenomiPhi amplification remained 

consistent, although it was not possible to obtain a PCR product in 6 samples (Figure 

2.8). 
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2.4 Discussion 

Prior to beginning this work I was aware that the DNA content of the buccal swabs 

from the Glasgow patients would be lower than from typical blood-derived samples. 

Potentially this would cause difficulty as the amount of sample required for each 

SNP detection assay would be increased, and with only a limited sample quantity 

available from each patient this may significantly limit the number of assays I was 

able to subsequently perform. It was also important to preserve as much of the 

genetic resource as possible for the future study of other genes, should new 

associations become apparent. The quality of the DNA also needed to be established 

as it had been in storage for some time and degradation of the DNA may have 

occurred, although was not expected. 

The quantitation experiments demonstrated that the DNA concentration in the patient 

samples was variable but uniformly low. The samples provided yields at the lower 

end of the normal range for mouthbrush yields (Garcia-C10sas et al., 2001; King et 

al., 2002). It was possible to perform PCR on the samples - both the PCR 

demonstrated here and the earlier APOE genotyping, but it would not be feasible to 

perfonn the SNP genotyping without first pre-amplifying the DNA, for the reasons 

given above. The concentration of the DNA was low, so there would be insufficient 

material to perform assays for multiple SNPs. As it was possible to perform a PCR 

on the buccal DNA it is unlikely that the DNA had been markedly degraded during 

storage. 

The DOP-PCR method of pre-amplification is well established in the Human 

Genetics laboratory in Southampton. It is used for preservation of large DNA banks, 

derived from blood samples. This method had not previously been used to pre­

amplify buccal derived material in our lab. The GenomiPhi method is entirely new, 

having only recently come onto the market. 

When using the DOP method amplification was achieved but the performance of the 

template in subsequent PCR was poor. In order to obtain good haplotype data it will 

be important to be able to accurately genotype each SNP of interest in the majority of 
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samples. The evidence from running the Q90 PCR was that this would not be 

possible in the DOP amplified samples. RUlming a 'double DOP' protocol (as used 

by Barbaux et al. (2001)) did not improve results. 

GenomiPhi provided good amplification of genomic DNA and this could be used as 

a template for further PCR. When directly compared with the DOP method 

GenomiPhi provided superior results. GenomiPhi amplification is also easier to 

perform as it is available in kit form and does not require thermal cycling. It is 

however more expensive. Only 1 III of genomic DNA is required as template for pre­

amplification. The reaction takes place in a final volume of 20 Ill. As demonstrated 

in my results subsequent PCR can be performed on 0.5 III of this pre-amplified 

material, suggesting that nearly 40 SNP assays could be performed from just 1 III of 

the original sample. This is considerably more than could have been achieved from 

the whole sample without the pre-amplification step. 

When pre-amplification and subsequent PCR was applied to 50 samples a 12% 

failure rate was observed. It is likely that these failed samples have the lowest 

genomic DNA concentrations and even after pre-amplification DNA concentrations 

were too low to perform PCR under conditions available in the laboratory. This 

problem may be solved by designing more specific assays (see Chapter 3), but I may 

need to assume that there will be approximately a 10% failure rate across my cohort. 

There is sufficient power in the study that this will not adversely affect my results. 

The GenomiPhi protocol will be adopted for the pre-amplification phase of my study, 

using 1 III of genomic DNA as template. 0.5 III of this material was sufficient for 

subsequent PCR, so this amount is likely to provide sufficient template for future 

assays. 
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Chapter 3 

SNP assay design 



3.1 Introduction 

As we saw in Chapter 1 genetic association studies are designed in order to establish 

whether particular alleles or genotypes are risk factors for a given disease or 

condition. The expectation is that any 'risk' allele will be seen in a much higher 

proportion of disease sufferers. Population studies designed to detect these variables 

need sufficient statistical power - and this is achieved by using large subject 

numbers. In order to perfonn these studies a high-throughput method of genotyping 

is therefore required. Ideally any technique should also be fast, accurate and 

inexpensive, especially when a large panel of SNP genotypes need to be detennined. 

Since the introduction of PCR (Saiki et al., 1985; Mullis et al., 1986) many 

techniques have been developed. Traditionally these have involved variations of the 

PCR technique followed by gel-based analysis of products. Examples include RFLP 

(restriction fragment length polymorphism) analysis (Lander & Botstein, 1986) and 

ARMS-PCR (amplification refractory mutation system) (Newton et al., 1989). 

When multiple SNPs are being investigated it becomes increasingly cost and time 

prohibitive to use these techniques. Due to developments in molecular biology over 

recent years an increasing number of alternative methods of high throughput 

genotyping have become available. These include the 5' nuclease assay (TaqMan) 

(Johnson et al., 2004), multi gene array methods and gene chips (Yauk et at., 2004). 

Choosing the most useful and productive assay method for SNP genotyping is 

becoming increasingly important. 

At the outset of this study a number of techniques for SNP detection were available 

to me. As well as techniques already available in the Human Genetic laboratory it 

was also possible to use techniques elsewhere in the University. When deciding 

which technique or techniques to use it was necessary to establish which would 

provide the most accurate results, which would be most practical in tenns of 

equipment availability and time consumption and also what costs would be involved. 

In the next section I will describe the techniques considered at the beginning of the 

project. The following work demonstrates how the final assay method was decided 

upon after comparison of a number of methods. In the second part of the chapter the 

actual SNP assay design and optimisation will be described. 
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3.2 Assay Choice 

3.2.1 RFLP analysis 

This technique is often considered the 'gold standard' for SNP genotyping. It relies 

upon the presence of an enzymatic restriction site at or near the site of a SNP. After 

peR is used to amplify the region containing the SNP/restriction site the amplicon is 

then 'digested' with the enzyme to produce DNA fragments of differing sizes 

depending upon the allele/s present in the sample. The digested products can be 

visualised by gel electrophoresis. Genotypes can then be called manually or by 

image analysis software. The MADGE system (Day et al., 1995) enables SNP 

typing of large numbers of samples simultaneously (Gaunt et al., 2003), although it 

is still quite labour intensive to genotype many SNPs, as the gels needed to be 

formed and loaded. Not all SNPs can be detected in this manner if the SNP does not 

form a restriction site. 

It was felt that this method was too labour intensive in comparison to the other 

methods available to us so was not tested as a possible assay method. Should it 

prove difficult to accurately genotype my samples with any of the other techniques 

this method will be used as a reliable 'fall back' method. 

3.2.2 ARMS-peR 

This modification of the peR method relies on the principle that a single base 

mismatch at the 3' end of a primer will inhibit non-specific amplification. DNA 

amplification will therefore only occur if the precise primer target sequence occurs in 

the target strand of DNA (Newton et al., 1989). This is often termed allele specific 

peR. In order to detect both alleles of a SNP two reactions will be required, one for 

each allele. 

This technique avoids the need for any post-peR manipulation (such as the digestion 

of peR products in the RFLP method) but two separate reactions for each sample are 
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necessary. Relatively high-throughput can be achieved by usmg the MADGE 

teclmique for resolution of the products. 

3.2.3 5' Nuclease Assay (Taqrnan®) 

The 5' nuclease polymerase chain reaction assay is a non-gel based technique first 

described in 1993 by Holland et al. (1991). Using fluorogenic probes Lee et al. 

(1993) modified the assay to enable amplification and detection to be perfonned in a 

single step. Because of this the technique is often referred to as 'real-time' peR. As 

in a standard peR reaction primers are used to replicate the region containing the 

SNP. Fluorescently labelled probes specific for each allele of the SNP are added. As 

the primer is extended by Taq polymerase and reaches the bound probe the 

fluorogenic probe is cleaved, causing an increase in fluorescent intensity. By 

labelling each probe with a different fluorescent dye each allele can be detected 

separately. 

The Taqman system is very economical in tenns of time required to genotype SNPs, 

although this comes at an increased financial cost due to the need for fluorescently 

labelled probes and the initial equipment outlay (Holloway et al., 1999). 

3.2.4 Odyssey LightTyper 

This recently available technology also utilises fluorescently labelled probes, but an 

entirely different detection method (see Figure 3.1). The Odyssey utilises the 

principle of 'melt curves'. A fluorescently labelled probe, designed to anneal 

precisely with one of the SNP alleles, is included during peR setup. If the sample is 

subsequently heated any probe that is imprecisely bound (i.e. bound to the alternate 

allele of the SNP) will 'melt off the target DNA at a lower temperature than the 

precisely bound probe. As the probe melts off its target a change in fluorescence can 

be detected, and this change will occur at different temperatures for each SNP allele, 

enabling each SNP to be differentiated. The LightTyper detector and software had 

recently become available for use in the Department of Human Genetics. 

54 



Figure 3.1- Image of the Odyssey LightTyper and 
schematic. Images from www.roche.com 
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Figure 3.2 - Illustration of melt curve analysis. 
Figure from www.roche.com 
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3.3 Methods 

3.3.1 Subjects 

The first fifty samples from the Glasgow cohort (samples POOOI-P0050) were used 

to examine the efficiency of the assays tested in this segment of work. 1).11 of each 

sample was pre-amplified using the GenomiPhi method. 0.5).11 of the pre-amplified 

sample was then used as template for the assay reactions. 

3.3.2 ARMS-peR typing of TN FA -308 

An optimised ARMS-PCR assay was available for the TNFA -308 promoter 

polymorphism, courtesy of Dr Martin Howell (see Perrey et at., 1999). This was 

modified to test the ARMS-PCR method on the Glasgow samples. 2 separate PCR 

reactions were necessary for each sample in order to type each allele. Each reaction 

was carried out in a final volume of 10 ).11 consisting of I).lM common primer (5'­

TCTCGGTTTCTTCTCCATCG-3', Oswe1, Southampton, UK), I).lM specific primer 

(either 5'-ATAGGTTTTGAGGGGCATGG-3', Oswe1, for the G allele, or 5'­

ATAGGTTTTGAGGGGCATGA-3', Oswe1, for the A allele), 0.3).lM control 

pnmers (5'-TGCCAAGTGGAGCACCCAA-3' and 5'­

GCATCTTGCTCTGTGCAGAT-3', Oswe1), Ix reaction buffer (Promega, 

Southampton, UK), 200 ).lM dNTPs (Invitrogen, Paisley, UK), 1.75mM MgC1, 0.25 

units Taq polymerase (Promega), 12% sucrose and 200).lM cresol red. Thenna1 

cycling was carried out on an MJ Research PTC-225 DNA Engine Tetrad® (Genetic 

Research Instrumentation Ltd) using the following cycles; 96°C for 1 minute, 10 

cycles of 96°C for 15 seconds, 65°C for 50 seconds and 72°C for 40 seconds then 20 

cycles of 96°C for 10 seconds, 60°C for 50 seconds and noc for 40 seconds. The 

PCR products were loaded onto a MADGE gel (see Chapter 2) and electrophoresis 

carried out at 150V for 10 minutes. Image analysis was perfonned usmg 

ImageQuant software (Amersham Bioscience). 
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3.3.3 TaqMan assay for TNF A -308 

An optimised 5' nuclease assay for TNFA -308 was available from the Department 

of Molecular Pathology, Southampton General Hospital. 5fll reaction mixes 

contained 0.2flM probes, 0.9flM primers and QPCR mix (Oswel). Reactions were 

performed in 384-well plates on the Applied Biosystems 7900HT Sequence 

Detection System using the allelic discrimination protocol. SDS software (Applied 

Biosystems) was used to analyse fluorescence results. This method was not tested on 

the full fifty samples but on IO samples at various template concentrations. 

3.3.4 Odyssey assay for TNF A -308 

The Odyssey assay for TNF A -308 entails an asymmetrical PCR with the addition of 

FITC- and DABCYL-labelled probes. PCR mixes consist of Ix PCR buffer 

(Promega), 200 flM dNTPs (Promega), IOOnM forward pnmer (5'-

CCTCACACTCCCCATCCTC-3'), 500nM reverse pnmer (5'-

CCTGCATCCTGTCTGGAAGT-3'), 200nM FITC-labelled probe (5'-

CCGTCCCCATGCCCC-3'), 200nM DABCYL-labelled probe (5'-

TGTGTGTAGGACCCTGGAGGCTGAA-3'), 1.5mM MgCl and 0.2 units of Taq 

polymerase (Promega) per reaction. Heat cycling was performed on an MJ Research 

PTC-225 DNA Engine Tetrad® (Genetic Research Instrumentation) using a protocol 

of 94°C for 2 minutes, then 50 cycles of 94°C for 20 seconds, 59°C for 30 seconds 

and 72°C for 30 seconds, followed by a final 2 minutes at 72°C. After thermal 

cycling the samples were overlaid with 5fll Chill-OutTM wax (Genetic Research 

Instrumentation) to prevent evaporation during analysis. Analysis was carried out in 

a 384-well Odyssey (Idaho Technology, Salt Lake City, Utah, USA). Samples were 

melted from 35°C to 70°C. LightTyper software (Roche Diagnostics Ltd) was used 

to analyse the fluorescence change during melting. Results were then manually 

checked. 
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3.4 Results 

3.4.1 ARMs-peR typing of TN FA -308 

Although I was able to generate control bands and some allele bands when the assay 

was run on a small number of samples these were not visible when the assay was run 

on the full fifty samples (see Figure 3.3) 
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Figure 3.3a - TNFa ARMS assay (single allele) on various template amounts. a=O.751l1, b=O.51l1, c=0.251l1, bl=blanks 
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Figure 3.3b - TNFA ARMS assay on 40 samples (O.5lll template), Upper row G allele, lower row A allele 
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3.4.2 TaqMan assay for TNFA -308 

Figure 3.4 shows the dot plot generated. There was poor clustering of the samples 

and a large number of samples remained undetermined . 
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Figure 3.4 - Dot plot of results from TaqMan assay for TNF A 
-308. 
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3.4.3 Odyssey assay for TNF A -308 

50 GenomiPhi amplified patient samples were tested using the Odyssey (see Figure 

3.5). 43/50 (86%) were successfully genotyped, giving allele frequencies of GG 

0.62, GA 0.16, AA 0.08 and fails of 0.14. 
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Melting Curves and Melting Peaks 
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Figure 3.5 - Melt curves and peaks achieved when 
running the TNFA -308 assay on GenomiPhi amplified 

samples. 
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3.5 Summary 

Three methods for determining SNP genotypes were compared. The ARMS-PCR 

method failed to genotype any of the pre-amplified Glasgow samples. The reason 

for the failure was not clear but the assay was modified slightly in order to use 

equipment and methodology available in the Human Genetics laboratory. This may 

have meant the assay was functioning sUb-optimally. The PCR products were run on 

a polyacrylamide gel, as opposed to an agarose gel, in order to take advantage of 

MADGE to enable multiple assays to be run simultaneously. This may have made 

distinction of the bands more difficult, as the assay was designed to be run on an 

agarose gel. Even if the results had been better the assay was quite unwieldy to 

perform. The need to run two separate reactions means two reaction 'mixes' need to 

be prepared each time the assay is run, and twice as many gels need to be run. 

ARMS-PCR was discounted as a possible method for SNP genotyping in this study. 

The Taqman method was straightforward and quick to use but did not provide 

sufficient discrimination when applied to the pre-amplified buccal samples. 

Although some samples could be safely genotyped from the 'dot plot' many required 

crosschecking with the real-time data to confirm the accuracy of the result. This 

turned a process that should be relatively swift into a far longer one. One of the 

benefits of the Taqman system is the efficiency of the data collection, which would 

be lost if the real time data needed to be examined for many of the samples. It would 

also mean that all of the PCRs would need to be performed in the Taqman machine, 

whereas performing the PCR on a heat block and then transferring the sample plate 

into the Taqman machine for analysis could enhance throughput. This approach 

would mean the real-time data was not available. 

The LightTyper system provided the most promising results. The assay set up was 

quick and the post PCR analysis could be rapidly perfornled with the aid of the 

LightTyper software. Although it was not possible to genotype all of the 50 samples 

for each SNP this was likely to be more a problem with the sample quantity and 

quality rather than a problem with the assay. The technology is new, so if it was 

adopted assays would need to be designed from scratch for each of the SNPs, apari 
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from the two in the TNFa gene as these were already available following other 

studies performed in the laboratory. The need for FITC- and DABCYL-labelled 

probes within the assays is expensive, although the increased cost per sample is not 

significant. 

In comparison to the other two methods the Odyssey LightTyper was the only 

method that provided results good enough to use for the genotyping of the whole 

Glasgow cohort. In addition, the ease of use and high-throughput methodology 

confinned this as the technique we would adopt for SNP genotyping during this 

project. 

3.6 Odyssey assay design 

SNP genotyping will be carried out on the Odyssey LightTyper, as described in the 

previous section. Assays for the two TNFA SNPs (-238 & -308) were already 

available in the laboratory but assays for all of the remaining polymorphisms 

required development from scratch. Each SNP will require its own assay. Each 

assay will require the design of a primer pair to amplify the region containing the 

SNP, a fluorescently labelled probe to detect the SNP and a second probe with an 

attached fluorescence quencher-dye to enhance the change in fluorescence as the 

detector probe 'melts off. 

All of the PCR-based assays conform to a basic design. Primers and probes should 

be in the ratio 5:2:1 (opposite sense primer: probe(s): same sense primer). FITC 

(fluorescein-5-isothiocyanate) is used to label the probe that sits over the SNP, whilst 

DABCYL (4-dimethylaminoazobenzene-4" -carboxylic acid) is attached to the 

'quencher' probe. When bound the quencher probe should ideally be separated from 

the fluorogenic probe by 2 base pairs. The SNP should occur near the centre of the 

FITC-labelled probe, which should be 16-20 nucleotides long. The DABCYL probe 

should be longer; ensuring its melt temperature (T m) is at least 10°C higher than the 

FITC probe. The PCR product ideally should be the minimum size possible without 

the primers and probes overlapping. 
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3.7 Methods 

3.7.1 Sequence Identification 

In order to design sequence specific primers and probes the correct DNA sequence 

containing the SNP needed to be identified. SNPs were identified in Entrez 

SNP/dbSNP, the SNP database available from the National Centre for Biotechnology 

Information (NCBI) (www.ncbi.nlm.nih.gov). Within dbSNP each SNP is identified 

by an individual reference number, and not necessarily by its position within the 

gene sequence. Where it was unclear the SNP identified in dbSNP was the correct 

one then the literature referenced by dbSNP was examined and cross-referencing 

with other SNP databases (SNP500Cancer (snp500cancer.nci.nih.gov), the Human 

Genome Variation database (hgvbase.cgb.ki.se) & the Bristol Cytokine Gene 

Polymorphism database (www.bris.ac.uk/pathandmicro/services/GAIIcytokine4.htm) 

was performed to ensure correct identification. 

3.7.2 Primer design 

Forward and reverse primers were designed using Primer3 software (Whitehead 

Institute for Biomedical Research, www-genome.wit.mit.edul 

genome_software/other/primer3.html) (see Rozen et at., 2000). Where the software 

suggested multiple primer pairs the pair that would produce the shortest PCR product 

were selected. Primers were synthesised by MWG Biotech (Milton Keynes, UK) 

and TAGN (Gateshead, UK). 

3.7.3 Probe design 

Probes were designed manually, according to the requirements set out in section 4.6. 

All fluorogenic probes were labelled with a 5' -FITC and a 3' -phosphate group to 

prevent extension during PCR. All quencher probes were labelled with a 3'­

DABCYL. Probes were synthesised by MWG Biotech and TAGN. 
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3.7.4 Assay optimisation 

A standard PCR set-up was used for each SNP assay. Each I 01-11 reaction contained 

Ix PCR Buffer (Promega), 200l-1M dNTPs (Promega), IOOnM primer, 500nM primer 

(see below), 200nM FITC probe, 200nM DABCYL probe, 1.5 or 2mM MgCl and 

0.2 units of Taq polymerase (Promega). If the FITC probe was designed as a sense 

probe then 100nM forward primer and 500nM reverse primer were used. If the FITC 

probe was designed as an antisense probe then 500nM forward primer and IOOnM 

reverse primer were used. 

Thermal cycling was performed on a Tetrad heat block as detailed in section 3.3.3. 

Heat cycling entailed 2 minutes at 94°C, then 50 cycles of 94°C for 20 seconds, 30 

seconds at an optimal annealing temperature for the SNP and 30 seconds at 72°C, 

followed by a final 2 minutes at noc. PCR was performed in 96-well plates 

(Abgene, Epsom, Surrey). The samples were then transferred to a 384-well plate 

(Abgene), covered with 51-11 Chill-Out™ wax and analysed using the Odyssey 

LightTyper. 

An annealing gradient was performed for each SNP assay in order to establish the 

optimum annealing temperature and MgCl concentration. Each assay was 

performed on 21-11 of pooled genomic DNA (100ng/l-1l) across a range of annealing 

temperatures between 50°C and 65°C. MgCl concentrations of I.5mM and 2mM 

were used. 

Once the optimum annealing temperature and MgCl concentration was determined 

then the assay was run on 40 of the pre-amplified Glasgow samples. PCR was 

perfonned in 96-well plates (Abgene) and analysis in 384-well plates (Abgene) for 

all assays except the three IL-I p assays, which were performed in 384-well plates 

only. 
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3.8 Results 

3.8.1 Assay sequences and optimisation 

SNP IDs and primer and probe sequences are shown in Table 3.1. The initial primers 

designed for all of the IL-6 assays did not provide suitable amplification. These were 

re-designed using Primer3 and are included in the table. Table 3.2 shows the 

Gene SNP Anealing MgCI 
Temperature concentration 

(0C) (mM per 
reaction) 

IL-6 -174 59 1.5 
(G/C) 
-572 62 l.5 
(G/C) 
-597 62 1.5 

(G/A) 

TGFp -509 53 2.0 
(CIT) 
-800 54 2.0 
(G/A) 

IL-la -889 56 2.0 
(CIT) 

IL-IP -31 53 1.5 
(CIT) 
-511 53 1.5 
(G/T) 
+3953 57 1.5 
(CIT) 

Table 3.2 - Optimum annealing temperature (in 96-well 
plates) and magnesium concentration for each cytokine 

SNP assay 
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Gene SNP dbSNP Primers Probe FITC Probe DABCYL probe 
ID Forward then Reverse Orientation 

IL-6 -174 1800795 5'- GCCTCAATGACGACCTAAGC antisense 5'-CTTTAGCATcGCAAGACAC 5'-AACCTTATTAAGATTGTGCAATGTGACG 
(G/C) 5' - TCATGGGAAAA TCCCACATT 
-572 1800796 5' - TGGCAAAAAGGAGTCACACA antisense 5'- CTGTGAGcGGCTGTTG 5' - CATCTGAGTTCTTCTGTGTTCTGGCTCT 
(G/C) 5'- CCAAGCCTGGGATTATGAAG 
-597 1800797 5' - TGGCAAAAAGGAGTCACACA antisense 5' - CAcCCTCAAATTTCGTG 5' - GGCTGTTGT AGAACTGCCTG 

(G/A) 5'- CCAAGCCTGGGATTATGAAG 

TGF~ -509 1800469 5' -TGGGAGGTGCTCAGT AAAGG sense 5' -CTTCCATCCcTCAGGTGT 5' -CTT ACAGGTGTCTGCCTCCTGA 
(CIT) 5' -ACCCAGAACGGAAGGAGAGT 
-800 1800468 5' -CTGCTCCGCAACTTCGAC sense 5' -CTCCAACgTCACCACCAT 5' -CGTGGAGTGCTGAGGGACTCT 
(G/A) 5' -CTGGGGTCAGCTCTGACAGT 

IL-la -889 1800587 5' -TAGGCTGGCCACAGGAATTA sense 5' -CAGGCAACAcCATTGAAG 5'-AGCTGAGAAATTCTTTAATAATAGTA 
(CIT) 5' -CGT AAGGCCTCAGCCAGAAG 

IL-l~ -31 1143627 5'-CCCTTCCATGAACCAGAGAA antisense 5'-CTCGCTGTTTTTATgGCTTT 5' -GAAGAGGTTTGGT ATCTGCCAGTTTCT 
(CIT) 5' -GCTGAAGAGAATCCCAGAGC 
-511 16944 5' -AAACCTCTTCGAGGCACAAG antisense 5' -CaGAGCAGCCTGTTGTG 5'-GCAATGAAGATTGGCTGAAGAGAAT 
(G/T) 5' -CAGAGAGACTCCCTT AGCACCT 
+3953 1143634 5' -ATGCTCAGGTGTCCTCCAAG antisense 5'-CATGTGTCgAAGAAGATAG 5' -TCGTGCACAT AAGCCTCGTT AT 
(CIT) 5' -TGGAGGTGGAGAGCTTTCAG 

Table 3.1- Primer and probe sequences for in-house Odyssey assays. 
Bases indicated in lower case in the FITC sequences denote the SNP position. 
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optimum annealing temperatures and magnesium concentrations derived from the 

annealing gradient experiments. 

3.8.2 Sample results 

These are shown in Table 3.3. Across all eleven assays the genotyping was not 

successful in 23.9% of cases. The IL-1B PCRs were performed in 384-well plates 

and two out of three of the assays showed markedly higher failure rates (25/40 for 

IL-1B +3953). If the IL-lB assays are disregarded the failure rate drops to 18.1%. 

The IL-1B +3953 assay was repeated, running the PCR in 96-well plates, although 

on a different selection of samples. This dropped the failure rate to 20%. 

There was good concordance of results when each of the assays was repeated. Using 

the TGFB -509 SNP assay as an example; after performing the assay twice 22.5% 

(9/40) of cases had not been typed. In 4 cases (10%) a definite SNP type was 

obtained in only one of the runs. In the remaining 27 cases there was 100% 

concordance of SNP types. Similar findings were obtained for the other SNP assays. 

67 



SAMPLE 

P001 
P002 
P003 
P004 
P005 
P006 
P007 
P008 
P009 
P010 
P011 
P012 
P013 
P014 
P015 
P016 
P017 
P018 
P019 
P020 
P021 
P022 
P023 
P024 
P025 
P026 
P027 
P028 
P029 
P030 
P031 
P032 
P033 
P034 
P035 
P036 
P037 
P038 
P039 
P040 

238(G/A) 308(G/A) 174(G/C) 572(G/C) 597(G/A) 509(C/T) 800(G/A) 889(C/T) 

GG 
GG 

Table 3.3 - Genotype results for the 40 samples used to assess the cytokine 
Odyssey assays 

cc 
cc 
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3.8.3 Transfer to 384-well plates 

All of the assay optimisation, and initial genotyping (see Table 3.3) was perfonned in 

96-well plates. This was done as the temperature gradient function was only 

available on the 96-well Tetrad heat blocks. 

After initial testing of some of the assays in 384-well plates (which I was planning to 

use for the whole cohort genotyping, for reasons of efficiency) it became apparent 

that the efficiency of the assays was much reduced. There was a much higher failure 

rate on the plates, although good results from some samples, indicating that the pre­

amplification process and the Odyssey assay had worked (as we were able to obtain 

clear, well-defined 'melt' peaks from some samples on the plate) suggesting this was 

more a problem of pre-amplification i.e. there was still insufficient DNA in some 

samples for the assay to be successfully perfonned despite preamplification. 

However in some assays, on plates derived from the same pre-amplified material, 

there was a loss of peak definition, suggesting a problem with the assay itself. 

The GenomiPhi preamplification process requires a minimum quantity of template 

DNA to be available in order for the reaction to proceed satisfactorily (between 5 and 

lOng). We know that the concentration of DNA in the buccal samples is at the lower 

end of the range of expected yields and that the concentration across samples was 

varied. We therefore hypothesised that we were not adding a sufficient quantity of 

starting DNA to the pre-amplification reaction leading to a failure of the pre­

amplification. Therefore the amount of template added to the reaction was increased 

from 1 J.il to 3 J.ll and then 5 J.ll. 5 J.ll provided better results than either 1 J.ll or 3 J.ll in 

tenns of the number of samples successfully genotyped, and therefore this was 

adopted as the new standard for the pre-amplification of the whole cohort. 

The loss of peak definition expelienced within some assays was likely due to 

inefficiency of the peR, probably caused by the temperature during the annealing 

phase being sUb-optimal. This may occur due to the change from 96-well plates to 

384-well, as they will have different thel1110dynamics. The assays were re-tested in 

384-well plates at a range of temperatures above and below the previously derived 
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annealing temperatures and it was detennined that a drop of 2°C in the annealing 

temperature was required to compensate for the change in plates. 

3.9 Discussion 

Assays for the cytokine SNPs outlined in Chapter 2 have been successfully designed 

for the Odyssey LightTyper system. These will now be used to genotype the 

complete Glasgow cohort. 

Assay design proved to be relatively straightforward. Because the primer and probe 

requirements were strict it was not possible to utilise primer sequences previously 

published in the literature. For any given SNP identifying the correct DNA sequence 

was not always easy. As in this work, most papers identify SNPs by their position in 

relation to the gene transcription start site. This is not the case in the NCBI SNP 

database, where ID numbers identify SNPs. It was not always easy to clearly 

correlate the two together, necessitating careful examination of the supporting 

literature to ensure the correct sequence was identified. 

Primer3 software successfully identified suitable primers for all of the assays except 

for the three SNPs in IL-6. The first sets of primer pairs identified for the IL-6 

assays did not enable the asymmetric amplification of the required target region. The 

sequence was reanalysed using Primer3 and alternative primer pairs were identified. 

These primer pairs were successfully incorporated into the IL-6 assays. 

None of the assays enabled SNP genotyping of all of the test samples, in keeping 

with the findings of the initial comparison results using the TNFa -308 assay. If the 

mean failure rate of 18% is replicated for the whole cohort there would still be 

sufficient power in the study to detect any significant effect. By repeating the assays 

I expect the failure rate to drop even further. 

In order to achieve high-throughput of the assays the PCRs will need to be 

perfonned in 384-well plates. The finding that the failure rate of the assays increased 

dramatically when work was transferred from 96-well plates to 384-well plates was 
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disappointing. The change in the required annealing temperature depending upon the 

plate design being used was possibly predictable. It was unfortunate that 

optimisation had to be performed in 96-well plates, and that this did not generalise to 

the 384-well plates (as is often the case). Only a small reduction in the temperature 

was needed to rectify the problem. However what this did indicate was that some of 

the assays were more robust than others and that it was likely that I would get a 

varied rate of successful genotyping across the assays. 

U sing the GenomiPhi kit pre-amplification from only 1 pJ of template appeared to be 

relatively consistent on the first 50 samples tested. However when applied to a larger 

number of samples the subsequent peR failure rate increased from the level initially 

observed. This observation was discussed with the representatives of GE Healthcare 

(previously Amersham) who agreed the likely cause of failure was an inadequate 

amount of template DNA. Increasing the amount of template DNA used in the pre­

amplification reaction did indeed improve the failure rate. This leads us to conclude 

that the concentration of DNA in the buccal samples is more variable than 

anticipated, and in most cases this variability is in the direction of reduced 

concentrations. 

When running the assays on the whole cohort it may become necessary to use 96-

well plates rather than 384-wells for peR if the failure rate climbs too high. As 

analysis by the LightTyper can only be carried out on 384-well plates this will mean 

transferring samples from 96-well plates to 384-well plates after the peR stage. This 

will increase the chance of sample contamination, but the process could be 

automated to minimise this. Many of the assays worked well in 384-well plates so 

the use of 96-well plates will be kept to a minimum. 

The assays will now be used to genotype the cytokine SNPs. 5 pJ of each sample will 

be used for each pre-amplification reaction. When running the SNP assays on 384-

well plates the annealing temperatures (shown in Table 3.2) will be reduced by 2 

degrees. 
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Chapter 4 

Genotyping Results 



4.1 Introduction 

In previous chapters I have demonstrated the methods whereby I have developed a 

reliable method for pre-amplifying the buccal-derived patient DNA and then 

performing assays in order to genotype each sample for each of 11 SNPs across 5 

genes. 

In this chapter I shall demonstrate how all of the samples were assayed at each SNP 

position, the results of those assays and demonstrate the genotypic data collected in 

order to proceed to association analysis with the clinical data. 

4.2 Methods 

4.2.1 Sample identification and array assignment 

The buccal DNA samples had been prepared previously in Glasgow (see Section 

2.2.2). 20,u1 aliquots of each sample were transferred to Southampton for use in this 

study. A combined total of 1510 samples were received. Each sample was identified 

by a unique 'P' study number, enabling linkage with the clinical data for the given 

patient. 

Samples were then arranged into 96-well arrays. Each array consisted of 90 

consecutive samples together with 6 blank controls (sterile distilled water was used 

in place of sample). 17 of these arrays were required to accommodate all samples. 

The position of the control blanks was systematically altered on each array. 

4 arrays were then combined onto a single 384-well plate for genotyping. Each 384-

well plate therefore contained 360 samples and 24 control blanks. 

4.2.2 Pre-amplification 

Pre-amplification was performed usmg GenomiPhi (GE Healthcare) pre­

amplification kits (see Chapter 2) in 96-well plates. As discussed in the previous 

chapter 5,u1 of each buccal DNA sample was used as template. The standard 

GenomiPhi protocol was used, with a maximum 18-hour incubation period at 30°C. 
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4.2.3 Transfer to 384-well plates 

After pre-amplification it was necessary to transfer the samples to 384-well plates, 

ready to perform the Odyssey SNP assays. O.5/il aliquots of the pre-amplified 

material were required for each SNP assay. In order to perform all SNP assays at 

least 11 replicates (plates) would be required. 

Samples were transferred between 96-well plates and 384-well plates usmg a 

TomTec robot that could accurately dispense a minimum volume of 2/i1. The pre­

amplified material was therefore diluted 1:4 in sterile distilled water prior to the 384-

plating. 

Two batches of 15 384-well plate replicates were produced from each set of 4 96-

well plates containing pre-amplified samples, allowing enough plates to run each 

assay twice (once on each batch) on every sample, as well as additional plates to use 

in the event of assay failure or if further repetition was needed. 

4.2.4 SNP assay protocol 

Each assay was performed on at least one of every 15 384-well plates in a batch. 

This meant that each assay was performed at least twice (and for some assays three 

or four times) on any given sample. 

By repeating the assays I was able to ensure the consistency of the results I obtained, 

and also increase the number of samples successfully genotyped as some samples 

were more difficult to genotype than others (i.e. a result was not obtained every time 

the assay was performed). 

In the ideal situation I would obtain 11 SNP genotypes for each sample. 

Unsurprisingly this was not the case for all samples. At this stage any sample that 

had at least one missing genotype was identified. Each of these samples was then 

pre-amplified from the original sample for a second time and the process of running 

the assays repeated. Again each assay was perfonned at least twice on each sample. 

This was done to ensure that a failure dming the Oliginal pre-amplification stage was 

not to blan1e for subsequent peR failure. Also due to the random nature of the pre-
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amplification process it is possible that there was poor amplification of the region to 

be targeted in subsequent PCRs. A second attempt at pre-amplification in the 

affected samples would hopefully reduce this occurrence. 

This process is summarised in the accompanying flow diagram (see Figure 4.1). 

4.2.5 Assigning SNPtypes 

After each 384-well plate had been run through the LightTyper the raw data was 

assessed using the LightTyper software (Roche). This assigns each sample on the 

plate into a group of similar melt curves, enabling easy and rapid genotyping. The 

number of groups (and curve characteristics) for each group can be defined by the 

operator and adjusted according to each assay and plate. For each assay five groups 

were defined: 1) homozygous (common allele) 2) heterozygous 3) homozygous (rare 

allele) 4) no result 5) result unclear. Unclear results are those that the software was 

unable to categorise into any of the other groups, and thus required assigning 

manually. 

The data from the LightTyper software was then also entered into an Excel 

(Microsoft Corp) macro, designed by Tom Gaunt in the Department of Human 

Genetics. This enables rapid manual checking of the genotypes assigned by the 

LightTyper software. 

After each running of the assay the results were compared with any results for the 

same samples from previous running of the assay, and amalgamated to give a final 

genotype. 
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Figure 4.1 - Schematic illustrating the protocol utilised to complete the SNP 
genotyping of all DNA samples 

DNA samples 
Prepared from buccal swabs (see Section 2.2.2) 

Total Number 1510 x 20111 aliquots 

Pre-amplification 
Sill of each sample plated onto a 96-well plate (total 17 plates) 

Pre-amplified using GenomiPhi kit. final volume 24 J,11 

SNP assay 
Each SNP assay performed on at least one plate from each batch 
Each assay therefore performed on every sample at least twice 

Missing Data 
All samples should have 11 SNP genotype results 

861 samples were identified with at least one piece of missing data 

Pre-ampJification 
A second Sill aliquot of each of the 861 samples was plated onto a 96-well plate (total 10 plates) 

The samples were again pre-amplified using GenomiPhi kit. final volume 24 J,11 

SNP assay 
Each SNP assay repeated on at least one plate from each batch 

Each assay therefore performed on every sample on at least two further occasions 

1 
Results 

The results from aM assays werre amalgamated 
These we S1il.0:w.Jil in the :fioJifuwing sections 
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4.3 Initial Results 

4.3.1 SNPtype results 

The genotyping results after completion of our protocol are shown in Table 4.1, 

divided according to cohort and also combined. Successful SNPtyping varied 

between 60.7% and 97.4%. 

4.3.2 SNPtyping success by assay 

It can be observed from the range of n numbers in table 4.1 that the success of each 

assay, when applied to the DNA samples, was variable. A summary of the 

genotyping success rate per assay is shown in table 4.2 

Gene SNP Prospective Retrospective Combined 

n = 1085 n=425 n = 1510 

TNFA -238 1014 (93.5%) 414 (97.4%) 1428 (94.6%) 

-308 867 (79.9%) 382 (89.9%) 1249 (82.7%) 

IL-IA -889 980 (90.3%) 406 (95.5%) 1386 (91.8%) 

IL-IB -31 810 (74.7%) 379 (89.2%) 1189 (78.7%) 

-511 912 (84.1 %) 400 (94.1 %) 1312 (86.9%) 

+3953 1004 (92.5%) 404 (95.1 %) 1408 (93.2%) 

IL-6 -174 659 (60.7%) 324 (76.2%) 983 (65.1%) 

-572 845 (77.9%) 389 (91.5%) 1234 (81.7%) 

-597 961 (88.6%) 405 (95.3%) 1366 (90.5%) 

TGFB -509 805 (74.2%) 351 (82.6%) 1156 (76.6%) 

-800 896 (82.6%) 388 (91.3%) 1284 (85.0%) 

Table 4.1 - SNPtyping results by cohort. 
Percentage figures are percentage of genotyped samples, not percentage of whole cohort. 
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Gene SNP Prospective Retrospective Combined 
nl (%) n 1(%) nl (%) 

TNFA 
-238 GG 904 (89.2) 367 (88.6) 1271 (89.0) 

GA 99 (9.8) 41 (9.9) 140 (9.8) 
AA 11 (1.0) 6 (1.4) 17 (1.2) 

-308 GG 599 (69.1) 261 (68.3) 860 (68.9) 
GA 204 (23.5) 99 (25.9) 303 (24.3) 
AA 64 (7.4) 22 (5.8) 86 (6.9) 

IL-IA 
-889 CC 555 (56.6) 204 (50.2) 759 (54.8) 

CT 313 (31.9) 163 (40.1) 476 (34.3) 
TT 112 (11.4) 39 (9.6) 151 (10.9) 

IL-IB 
-31 CC 152(18.8) 67 (17.7) 219 (18.4) 

CT 227 (28.0) 141 (37.2) 368 (31.0) 
TT 431 (53.2) 171 (45.1) 602 (50.6) 

-511 TT 172 (18.9) 78 (19.5) 250 (19.1) 
TC 289(31.7) 143 (35.8) 432 (32.9) 
CC 451 (49.5) 179 (44.8) 630 (48.0) 

+3953 CC 623 (62.1) 249 (61.6) 872 (61.9) 
CT 308 (30.7) 132 (32.7) 440 (31.3) 
TT 73 (7.3) 23 (5.7) 96 (6.8) 

IL-6 
-174 GG 284 (43.1) 132 (40.7) 416 (42.3) 

GC 213 (32.3) 120 (37.0) 333 (33.9) 
CC 162 (24.6) 72 (22.2) 234 (23.8) 

-572 GG 664 (78.6) 292 (75.1) 956 (77.5) 
GC 165 (19.5) 86 (22.1) 251 (20.3) 
CC 16 (1.9) 11 (2.8) 27 (2.2) 

-597 GG 437 (45.5) 185(45.7) 622 (45.5) 
GA 358 (37.3) 163 (40.2) 521 (38.1) 
AA 166(17.3) 57 (14.1) 223 (16.3) 

TGFB 
-509 CC 490 (60.9) 184(52.4) 674 (58.3) 

CT 199 (24.7) 123 (35.0) 322 (27.9) 
TT 116 (14.4) 44 (12.5) 160 (13.8) 

-800 GG 773 (86.3) 343 (88.4) 1116 (86.9) 
GA 104 (11.6) 40 (10.3) 144 (11.2) 
AA 19 (2.1) 5 (1.3) 24 (1.9) 

Table 4.2 - Quantification of SNPtyping success by individual SNP assay. 
Figures show the number of samples successfully genotyped for the given SNP, broken 

down by cohort and combined. Highest combined success rate was 94.6% (TNFa. -
238). Lowest rate was 65.1% (IL6 -174). 
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4.3.3 Quantity of samples with missing data points 

When the results of each individual assay are combined to look at the profile of 

results per sample we observe that some samples provide a more reliable template 

than others (Table 4.3). This presumably reflects the range of DNA concentrations 

within the samples, with samples with the most missing data being those with the 

lowest concentration of 'viable' DNA. 

Missing Data Prospective Retrospective Combined 

/ Sample Cohort Cohort 

n = 1085 n= 425 n = 1510 

0 548 (50.5%) 287 (67.5%) 835 (55.3%) 

1 160 (14.7%) 67 (15.8%) 227 (15.0%) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

86 (7.9%) 20 (4.7%) 

41 (3.8%) 9 (2.1 %) 

40 (3.7%) 10(2.4%) 

43 (4.0%) 2 (0.5%) 

38 (3.5%) 5 (1.2%) 

30 (2.8%) 6 (1.4%) 

37 (3.4%) 5 (1.2%) 

21 (1.9%) 5 (1.2%) 

23 (2.1%) 7 (1.6%) 

18 (1.7%) 2 (0.5%) 

Table 4.3 - Completeness of data, illustrated by categorization of samples 
according to the amount of data points missing from the maximum of 11. 

106 (7.0%) 

50 (3.3%) 

50 (3.3%) 

45 (3.0%) 

43 (2.8%) 

36 (2.4%) 

42 (2.8%) 

26 (1.7%) 

30 (2.0%) 

20 (1.3%) 
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SNP 

4.3.4 Hardy-Weinberg Equilibrium 

Conformation to the Hardy-Weinberg Equilibrium (see Discussion) was assessed for 

each SNP assay - see Tables 4.4 (prospective cohort) & 4.5 (retrospective cohort). 

The general trend is for the degree of deviation from the equilibrium to increase as 

samples with increasing amounts of missing data are included in the test. This 

suggests that the data obtained from samples with a high amount of missing data was 

possibly not reliable (although see Discussion). 

Assay IL-1 -889 IL 1 -31 IL 1 -511 IL 1 +3953 TGF -509 TGF -800 IL6 -174 IL6 -572 IL6 -597 TNF -238 TNF-308 
Missing 

Data 

0 3.32 30.48 20.10 1.95 66.97 11.00 46.20 1.60 16.00 5.53 9.48 

9.01 59.03 38.99 3.22 81 .12 23.02 57.98 1.34 18.07 7.31 19.39 

2 12.03 75.51 44.85 2.73 94.03 33.01 61.43 2.03 16.83 19.54 27.47 

3 14.37 84.96 54.05 4.86 103.58 30.76 64.06 2.25 23.98 18.28 32.64 

4 18.37 91 .92 60.53 4 .71 100.29 31.98 68.22 2.90 25.42 14.83 34.06 

5 23.30 99.89 69.82 6.99 106.10 32.38 68.62 2.83 28.59 14.39 36.39 

6 27.05 103.07 74.92 9.21 108.40 33.62 70.53 2.35 32.54 17.85 43.35 

7 31 .27 104.49 77.91 10.40 106.97 36.66 71 .28 2.39 33.75 ·18.23 48.89 

8 34.97 105.20 81.63 12.51 109.29 37.22 71.28 2.28 33.66 17.38 49.95 

9 37.78 106.27 81 .63 13.58 109.60 37.36 71 .28 2.28 34.92 16.77 49.95 

10 37.94 106.27 81 .63 15.21 109.60 37.43 72.04 2.28 35.33 17.08 49.95 

Table 4.4 - X2 values assessing conformation to Hardy-Weinberg equilibrium for the prospective cOQort (n=108S). 
Missing data groups contain samples with up to that amount of missing data (e.g. the analysis of the '2' group 
contains samples with 2 or less pieces of missing data). Highlighting indicates significant deviation (p<O.OS). 

SNP 
Assay IL-1 -889 IL 1 -31 IL1 -511 IL 1 +3953 TGF -509 TGF -800 IL6 -174 IL6 -572 IL6 -597 TNF -238 TNF-308 

Missing 
Data 

0 0.02 2.49 5.03 0.17 3.12 9.90 10.56 0.87 2.13 5.63 0.51 

1 0.00 9.79 13.52 0.24 8.38 8.62 14.96 2.00 3.90 5.76 5.75 

2 0.01 11 .32 15.78 0.22 8.86 8.71 16.72 2.80 3.00 4.91 5.95 

3 0.01 11 .72 17.23 0.38 9.15 8.96 17.28 2.35 3.43 4.72 7.41 

4 0.15 12.12 18.47 0.60 9.59 8.54 17.58 2.15 4.30 8.34 8.45 

5 0.16 12.12 18.97 0.62 9.74 7.96 17.58 2.18 4 .08 8.41 8.16 

6 0.12 12.68 21 .15 0.74 9.74 8.11 17.58 2.18 4.07 8.57 8.16 

7 0.28 13.88 21.41 0.70 9.74 8.15 17.58 2.18 3.75 8.80 8.32 

8 0.35 14.46 22.34 0.61 9.74 8.15 17.58 2.18 3.75 8.36 8.40 

9 0.40 14.46 22.34 0.66 9.74 8.15 17.58 2.21 4.31 12.36 8.40 

10 0.59 14.46 22.34 0.97 9.74 8.15 17.58 2.21 4.53 12.46 8.40 

Table 4.5 - X2 values assessing conformation to Hardy-Weinberg equilibrium for the retrospective cohort (n=42S). 
Missing data groups contain samples with up to that amount of missing data (e.g. the analysis of the '2' group 
contains samples with 2 or less pieces of missing data). Highlighting indicates significant deviation (p<O.OS). 
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4.4 Discussion of Initial Results 

The genotyping results from the initial analysis of my SNP assays, performed on the 

complete set of prospective and retrospective cohorts, are illustrated in the section 

above. Based upon my preliminary data I had expected a success rate (proportion of 

samples successfully genotyped) of around 82% (see section 3.9). This was matched 

or exceeded in eight of eleven assays. The remaining three assays (IL6 -174, IL 1 B -

31 and TGFB -509) perfonned consistently worse than the other assays, despite 

multiple repetitions. Although careful optimisation of these assays was undertaken 

with the given primers (see Section 3.8.1) I was unable to improve their efficiency. 

The reasons for this are unclear as the other SNP assays from similar genomic 

regions performed adequately. If the pre-amplification process was not efficiently 

amplifying the required region then all of the SNPs from that gene would be affected, 

as the SNPs are relatively close together. The amplicon for the TGFB -509 SNP is 

relatively GC-rich (approaching 60%), which may explain the difficulties with this 

assay. The IL6 -174 and ILIB -31 assays have lower amp1icon GC-contents (under 

50%) so this would not explain the relative failure in these assays. It may simply be 

that the primer sets chosen for these assays are sUb-optimal and a redesign of the 

affected assays with a different primer pair may yield better results. However the 

assays worked well when applied to 'control' blood derived DNA and in the original 

testing on the pre-amplified buccal DNA. 

Of more concern was the large deviation from the Hardy-Weinberg equilibrium 

(HWE) observed in both cohorts. The HWE was developed from initial work by 

Castle (1903), and independently developed further by Hardy (1908) and Weinberg 

(1908) (see Wittke-Thompson et at., 2005 for brief summary) and states that gene 

frequencies and genotype ratios in a randomly breeding population remain constant 

from generation to generation. Where the HWE applies then allele frequency data 

can be used to derive population expected genotypic proportions. In this 

circumstance, if a SNP allele (A) has a frequency of p then the alternate allele (a) will 

have a frequency q (where p+q=l) and the expected genotype proportions will be p2 

for the AA genotype, 2pq for the Aa genotype and q2 for the aa genotype. The HWE 

does not apply when the frequencies of alleles are not constant (if there is ongoing 
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mutation or natural selection is occurring, for instance) or if random mating is not 

occurring within the population. Provided the HWE is applicable it can be used to 

assess the possibility of genotyping error in control populations (in case-control 

studies, for example) (Leal, 2005) as this is the most likely explanation for deviation 

from HWE in these populations. The simplest way of assessing conformation with 

the HWE is to perform a l-test, comparing observed with expected genotypes (the 

procedure undertaken in section 4.3.4). 

Although our cohorts are' case' data, as opposed to 'control', and therefore may not 

be expected to conform to the HWE, it is important to assess the reason for the large 

observed deviation from the HWE, mainly to exclude the possibility of genotyping 

error. In order to do this, each step of the process leading to our final genotyping 

results must be examined in order to assess the potential impact on the deviation 

from HWE that has been observed for all bar one of the SNP assays in the 

prospective cohort (as well as eight out of eleven SNPs in the retrospective cohort). 

The two cohorts have been selected (all of the patients included have suffered a head 

injury), and therefore may not resemble the general population (which may be 

assumed to fulfil the criteria of a 'randomly mating population'). Results from 

previous studies have found the SNPs under study to fulfil HWE in control 

populations (see snp500.nci.nih.gov; also McCulley et ai., 2004; Zienolddiny et al., 

2004; Hefler et ai., 2005; Shin et ai., 2005; Seifart et ai., 2005 for examples). The 

results from our cohorts may therefore not be expected to fulfil HWE, simply due to 

population stratification. However we must consider whether the fact of suffering a 

head injury would select a population whose cytokine SNP-types were no longer in 

HWE, assuming that HWE applies in the general population. This may occur if the 

SNPs I am typing are risk factors for suffering a head injury, or are in linkage 

disequilibrium with a risk locus. There is no evidence to suggest an association 

between cytokines, or cytokine SNPs, and risk of sustaining a TBI, and no biological 

reason to suggest this would be the case. However the prospective cohort was 

identified at a tertiary refelTal centre, so any patients who died either at scene or plior 

to transfer could not be included. Should any of the cytokine SNP alleles be 

involved in predisposing to very early death after TBI then they will be 
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underrepresented in the prospective cohort. It is therefore possible that the cytokine 

SNP alleles I have examined could deviate from the HWE in the prospective cohort. 

The retrospective cohort is highly selected, as only patients who had a GOS of 3 or 

greater at 6-months and who survived to long-term follow-up were considered for 

inclusion in the cohort. Any deviation from HWE in this cohort may thus be due to 

population selection 'bias'. 

In summary, population selection effects would be unlikely to explain a large 

deviation from HWE observed in the prospective cohort. There may be some 

influence in the both cohorts, but this would not explain the large deviations 

observed in many of the assays. 

We must next consider the possibility of error introduced during the pre­

amplification process, which would lead to subsequent genotyping errors and an 

apparent deviation from HWE. The GenomiPhi pre-amplification kit should achieve 

whole genome amplification by the binding of random hexamers throughout the 

genome. Errors may be introduced if the DNA strands containing the alleles of 

interest are not amplified equally (leading to the possibility of heterozygous samples 

appearing to be homozygous due to preferential amplification of one strand) or if 

errors occur during primer extension by the DNA polymerase. Evidence suggests 

that the Phi29 DNA polymerase has a far lower error rate than Taq DNA polymerase 

(Estaban et al., 1993), effectively excluding polymerase errors in the pre­

amplification step as a cause of apparent deviation from HWE. 

Leviel et at. (2004) demonstrated that genotyping from Phi29 amplified DNA from 

buccal cells was as accurate as genotyping from lymphocytes. Holbrook et al. 

(2005) found that in a small series of samples, of varying DNA concentration and 

quality, pre-amplification with GenomiPhi produced material with no detectable 

differences from the starting material. Bergen et at. (2005) found a reduction in 

concordance when comparing GenomiPhi amplified material with genomic. The 

majority of the discordance was due to a genomic heterozygote being scored as an 

amplified homozygote. When examining the genotype results in our samples it is 

apparent that this may also be occurring in our samples. When comparing observed 

to expected genotypes there is an under-representation of heterozygotes, with a 
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consequent over-representation of homozygotes. The pre-amplification step may be 

contributing to genotyping error, and consequently to a deviation from the HWE, but 

the degree of error is difficult to gauge (as the pre-amplified samples cannot be 

compared to the original buccal samples due to insufficient material). If the 

discordance is similar to that observed by Bergen et al. (2005) then it would affect 

less than 1 % of cases, and would therefore not be a significant contributor to a large 

deviation from HWE. 

Errors within the peR assays, and subsequent result calling, must also be considered. 

peR errors could occur if both alleles are not equally amplified or if primer pairs 

bind to other regions in the genome (creating a so-called pseudo-SNP). Observation 

from the initial design and optimisation stage does not support unequal amplification 

of alleles at the peR stage. Pseudo-SNPs should not be 'called' as the primer and 

probes system used for the LightTyper system should avoid this. Multiple repetition 

of the assays should also help to exclude any 'miscalls' (such as those due to sample 

contamination). 

The LightTyper system relies upon 'peak' -identification to be able to identify and 

call genotypes. In the ideal situation all of the samples would have had their DNA 

samples equalised and thus peak height for the two homozygous groups would be 

equal and the peaks for the heterozygote group would be half the height of the 

homozygotes. The samples in this study were observed to exhibit varying peak 

heights, and in the heterozygote group the two peaks were often of different heights. 

It is therefore possible that some heterozygote samples have been incorrectly called 

as homozygotes, leading to the large deviation from HWE. 

In summary there are a number of reasons to explain why such a high degree of 

variation from the HWE has been observed in these samples. The most likely are 

that popUlation selection has occurred and the variation is 'real' or, more likely, 

genotyping error (or at least error in the calling of results) has led to an apparent 

deviation from the HWE. 
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4.4.1 Reassessment of results 

To assess the impact of possible genotype calling error on our initial results it was 

decided to review the genotyping data with the purpose of determining firstly 

whether error had occurred and secondly, if error had occurred, whether this was due 

to error in the assay itself or due to 'calling' errors. All of the results for each assay 

were systematically re-examined. Bearing in mind that the HWE results suggested 

that I may have scored too many samples as homozgotes when, in fact, they were 

heterozygotes and also that peak heights in the heterozygote group were not always 

equal it was possible that samples which seemingly had a single small peak (and 

were originally scored as homozygotes) were actually heterozygotes and that the 

second, smaller, peak had been lost within the baseline noise. 

During the reassessment it became apparent that for a number of samples there had 

been a potential calling error. As predicted some samples had been called as 

homo zygotes on the basis of a definite small single peak, but one that was only just 

above the baseline 'noise'. For these samples it could not therefore be determined if 

they were true homozygotes or heterozygotes with a 'missing' (i.e. lost within the 

baseline noise) second peak. Some samples had also been initially called as 

homozygotes when in fact two peaks were visible, although one was much taller than 

the other. Due to the nature of the DNA and its preparation it was felt, in retrospect 

that this was incorrect and the sample should be called as a heterozygote. Examples 

of clear calls and samples where the correct genotype was unclear are shown in 

Figure 4.2. 

All results were reviewed on the basis of these findings and a revised set of 

genotypes produced. For those samples where the SNPtype could not be definitively 

detennined due to a low peak height it was decided to reassign these as 'no-calls'. 

Samples with two definite peaks were reassigned as heterozygotes, whatever the 

height of the two peaks. Genotypes were reassigned by re-examining the original 

LightTyper data for each assay run. The melt curves obtained for each sample were 

reloaded into the LightTyper software and stratified into one of the five groups as 

had originally occurred (see section 4.2.5). This data was then loaded into the Excel 

macro and each result manually checked or, for those samples that the LightTyper 
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software had been unable to determine, manually assigned, using the new criteria 

detennined above (examples of which are shown in Figure 4.2). On this basis a 

'revised' set of SNPtypes was produced for each sample and each assay. These are 

shown in section 4.5. 

In an ideal situation all of the samples would have been diluted to the same 

concentration after the pre-amplification stage and the peak heights for each sample 

would have been similar. This would have enabled me to set stricter criteria as to the 

degree of change in fluorescence that constituted a 'peak'. Those samples which fell 

into the groups illustrated in parts E and F in Figure 4.2 would then have been easier 

to categorise. This was not the case and therefore a slightly less robust system had to 

be utilised whereby the peak height was judged against the baseline to assess whether 

the 'peak' III question should be truly assessed as a peak. 
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Figure 4.2 - Examples of how genotype calling was performed, based upon melt 

curve analysis 
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A - Homozygote for the allele that the probe is designed 
to bind to . There is a clear single peak at the higher melt 
point, indicated by the red band. 
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Figure 4.2 - Continued 
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E - Heterozygote, illustrating that the peak heights were often 
not equal. In cases where the signal was less strong then the 

second peak would be lost within the baseline noise. 
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F - Single small peak visible. This was called as a homozygote in the 
original analysis. The presence of a second small peak cannot be 
excluded, so was called as a ' no-call ' in the revised set of results. 
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Figure 4.2 - Continued 
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G - Heterozygote. In the initial analysis samples similar to this were 
called as homozygotes as the second peaks were so small. In 

retrospect this was an incorrect assumption, and was resolved during 
the revision of results 
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H- No-call. Although there are changes in fluorescence at the correct 
temperatures for this to be a heterozygote sample there are no actual 

peaks. These samples were called as 'no-calls ' in the revision. 
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4.5 Revised Results 

4.5.1 SNPtype results 

The revised genotyping results after completion of review are shown in Table 4.6, 

divided according to cohort and also combined. 

4.5.2 SNPtyping success by assay 

A summary of the genotyping success rate per assay is shown in table 4.7, in order to 

compare with table 4.2. 

Gene SNP Prospective Retrospective Combined 

n = 1085 n=425 n = 1510 

TN FA -238 985 (90.8%) 411 (96.7%) 1396 (92.5%) 

-308 936 (86.3%) 391 (92.0%) 1327 (87.9%) 

IL-IA -889 939 (86.5%) 403 (94.8%) 1342 (88.9%) 

IL-IB -31 733 (67.6%) 363 (85.4%) 1096 (72.6%) 

-511 875 (80.6%) 392 (92.2%) 1267 (83.9%) 

+3953 976 (90.0%) 401 (94.4%) 1377 (91.2%) 

IL-6 -174 601 (55.4%) 290 (68.2%) 891 (59.0%) 

-572 813 (74.9%) 380 (89.4%) 1193 (79.0%) 

-597 847 (78.1 %) 393 (92.5%) 1240 (82.1 %) 

TGFB -509 732 (67.5%) 327 (76.9%) 1059 (70.1 %) 

-800 858 (79.1 %) 373 (87.8%) 1231 (81.5%) 

Table 4.7 - Quantification of SNPtyping success by individual SNP assay, after revision. 
Figures show the number of samples successfully genotyped for the given SNP, broken 

down by cohort and combined. Highest combined success rate was 92.5% (TNFa -238). 
Lowest rate was 59.0% (IL6 -174). 

91 



Gene SNP Prospective Retrospective Combined 
nl (%) n 1(%) nl (%) 

TNFA 
-238 GG 872 (88.5) 361 (87.8) 1233 (88.3) 

GA 108 (11.0) 47 (11.4) 155 (11.1) 
AA 5 (0.5) 3 (0.7) 8 (0.6) 

-308 GG 609 (65.1) 256 (65.5) 865 (65.2) 
GA 270 (28.8) 117 (30.0) 387 (29.2) 
AA 57 (6.1) 18(4.6) 75 (5.7) 

IL-IA 
-889 CC 484 (51.5) 197 (48.9) 681 (50.7) 

CT 363 (38.7) 173 (42.9) 536 (39.9) 
TT 92 (9.8) 33 (8.2) 125 (9.3) 

IL-IB 
-31 CC 114(15.6) 57 (15.7) 171 (15.6) 

CT 284 (38.7) 155 (42.7) 439 (40.1) 
IT 335 (45.7) 151 (41.6) 486 (44.3) 

-511 TT 152 (17.4) 68 (17.3) 220 (17.4) 
TC 322 (36.8) 155 (39.5) 477 (37.6) 
CC 401 (45.8) 169 (43.1) 570 (45.0) 

+3953 CC 580 (59.4) 246 (61.3) 826 (60.0) 
CT 334 (34.2) 133 (33.1) 467 (33.9) 
IT 62 (6.4) 22 (5.5) 84 (6.1) 

IL-6 
-174 GG 221 (36.8) 110 (37.9) 331 (37.1) 

GC 254 (42.3) 127 (43.8) 381 (42.8) 
CC 126 (21.0) 53 (18.3) 179 (20.1) 

-572 GG 477 (58.7) 245 (64.5) 722 (60.5) 
GC 324 (39.9) 126 (33.2) 450 (37.7) 
CC 12 (1.5) 9 (2.4) 21 (1.8) 

-597 GG 355 (41.9) 160 (40.7) 515 (41.5) 
GA 352 (41.6) 182 (46.3) 534 (43.1) 
AA 140 (16.5) 51 (13.0) 191 (15.4) 

TGFB 
-509 CC 407 (55.6) 155 (47.4) 562 (53.1) 

CT 241 (32.9) 132 (40.4) 373 (35.2) 
TT 84 (11.5) 40 (12.2) 124 (11.7) 

-800 GG 713 (83.1) 322 (86.3) 1035 (84.1) 
GA 133 (15.5) 46 (12.3) 179 (14.5) 
AA 12 0.4) 5 (1.3) 17 (1.4) 

Table 4.6 - Revised SNPtyping results by cohort. 
Percentage figures are percentage of genotyped samples, not percentage of whole cohort. 
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4.5.3 Quantity of samples with missing data points 

It can be seen from the results in sections 4.5.1 and 4.5.2 that during the revision of 

result calling there has been an increase in the number of samples not genotyped. 

This obviously affects the completeness of the genotyping data- see table 4.8. 

Missing Data Prospective Retrospective Combined 

/ Sample Cohort Cohort 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

n = 1085 n=425 n = 1510 

436 (40.2%) 243 (57.2%) 679 (45.0%) 

196 (18.1 %) 79 (18.6%) 275 (18.2%) 

114 (10.5%) 39 (9.2%) 153(10.1%) 

55 (5.1 %) 14 (3.3%) 69 (4.6%) 

38 (3.5%) 9 (2.1 %) 47 (3.1 %) 

44 (4.1 %) 8 (1.9%) 52 (3.4%) 

38 (3.5%) 6 (1.4%) 44 (2.9%) 

42 (3.9%) 5 (1.2%) 47 (3.1 %) 

36 (3.3%) 7 (1.6%) 43 (2.8%) 

24 (2.2%) 5 (1.2%) 29 (1.9%) 

29 (2.7%) 6 (1.4%) 35 (2.3%) 

33 (3.0%) 4 (0.9%) 37 (2.5%) 

Table 4.8 - Completeness of revised data, illustrated by categorization of 
samples according to the amount of data points missing from the maximum 
of 11. 
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4.5.4 Hardy-Weinberg Equilibrium 

x2 values, testing for confonnation to the Hardy-Weinberg equilibrium, for the 

revised genotyping data are shown in tables 4.9 (prospective cohort) and 4.10 

(retrospective cohort). 

SNP 1L1 
Assay IL-1 -889 IL 1 -31 IL1 -511 +3953 TGF -509 TGF -800 IL6 -174 IL6 -572 IL6 -597 TNF -238 TNF-308 

Missing 
Data 

0 0.38 2.33 3.47 0.15 12.16 1.16 2.77 .29.18 8.73 0.11 0.09 
0.17 5.27 10.18 0.01 15.72 2.85 4.33 33.00 5.46 2.03 1.04 

2 0.04 8.14 19.29 0.03 19.10 4.42 6.28 29.19 4.57 1.01 2.62 
3 0.10 10.60 20.12 0.04 20.52 3.60 7.35 27.08 7.07 0.59 4.21 
4 0.25 12.73 25.98 0.13 21 .84 3.61 8.34 26.55 10.39 0.52 3.87 
5 0.83 13.50 30.89 0.06 23.75 3.80 9.16 26.59 9.74 1.06 6.30 
6 1.28 14.73 34.49 0.26 25.02 3.89 9.98 27.14 10.18 1.05 4.87 
7 2.17 15.50 33.95 0.93 23.39 3.80 9.98 27.51 10.06 0.94 7.57 
8 3.17 15.66 33.93 1.97 23.53 3.90 10.31 27.69 10.61 0.77 12.41 
9 3.44 15.97 34.09 2.21 24.33 3.90 10.31 27.69 10.16 0.77 12.47 
10 3.80 15.97 34.70 2.17 24.33 3.92 10.64 27.69 10.55 0.69 12.47 

Table 4.9 - revised X2 values assessing conformation to Hardy-Weinberg equilibrium for the prospective 
cohort (n=108S). Missing data groups contain samples with up to that amount of missing data (e.g. the analysis 
of the '2 ' group contains samples with 2 or less pieces of missing data). Highlighting indicates significant 
deviation (p<O.OS). 

SNP IL1 
Assay IL-1 -889 IL 1 -31 1L1 -511 +3953 TGF -509 TGF -800 IL6 -174 IL6 -572 IL6 -597 TNF -238 TNF-308 

Missing 
Data 

0 0.67 0.27 0.95 1.60 0.32 2.43 1.04 6.38 0.02 0.98 0.26 
1.10 0.94 3.54 0.17 0.44 6.02 1.43 5.71 0.00 0.09 0.01 

2 1.34 2.07 5.30 0.02 1.03 5.23 1.94 1.97 0.00 0.14 0.19 
3 1.31 1.71 6.15 0.03 1.26 5.52 2.18 2.23 0.02 0.14 0.29 
4 1.01 1.59 7.30 0.04 1.59 5.30 2.29 2.37 0.00 0.18 0.24 
5 0.96 1.66 7.48 0.14 2.03 5.36 2.29 2.30 0.00 0.21 0.58 

6 0.74 2.15 8.25 0.13 2.03 4.61 2.29 2.30 0.01 0.17 0.90 
7 0.70 2.24 8.37 0.17 2.03 4.67 2.29 2.27 0.00 0.13 0.92 
8 0.45 2.50 8.99 0.12 2.03 4.67 2.29 2.27 0.02 0.11 0.95 
9 0.48 2.50 8.99 0.30 2.03 4.67 2.29 2.40 0.00 1.09 0.95 
10 0.28 2.50 8.99 0.30 2.03 4.67 2.29 2.40 0.00 1.11 0.95 

Table 4.10 - revised X2 values assessing conformation to Hardy-Weinberg equilibrium for the retrospective 
cohort (n=42S). Missing data groups contain samples with up to that amount of missing data (e.g. the analysis 
of the '2' group contains samples with 2 or less pieces of missing data). Highlighting indicates significant 
deviation (p<O.OS). 
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4.6 Discussion of revised results 

After reviewing the genotype data there was a rise in the number of samples with 

missing data. This is unsurprising, as the review process re-classified some of the 

original homo zygotes as 'no-calls'. This is because a number of samples only had 

very small single peaks that were barely above baseline, meaning that they could not 

be clearly identified as heterozygotes. These samples were therefore not called as 

results. The rise in heterozygotes in the revised results set occurred because a 

number of samples originally classified as homozygotes actually proved to have 

small second peaks that had originally been overlooked (see Figure 4.2). 

The genotype and allele frequencies observed in the two cohorts are similar. This is 

interesting as one might expect to see a difference as the retrospective group has 

been selected by having survived beyond six months post injury and have a GOS of 

at least 3. If any single genotype or allele had a large impact on survival (or 

predisposed to a very poor outcome at 6-months) then these would be seen at a lower 

frequency in the retrospective cohort. The results therefore suggest that none of the 

SNPs under study have a critically significant effect on survival between 6-months 

and 'long-term'. 

The genotype and allele frequencies observed are generally similar to those observed 

in other cohorts. Table 4.11 can be used to compare genotype frequencies from the 

cohorts under study with those used in the SNP500 cancer database. Although some 

differences may be noted it is also interesting to see how genotypes vary according to 

the ethnic mix of the cohort under study. Care should be taken when comparing 

different populations as considerable vmiation in genotype frequencies may occur 

between different ethnic groups. In all cases the results from the Glasgow cohorts lie 

within the ranges demonstrated by the SNP500 database. This again supports the 

results I have demonstrated to be true results and not significantly skewed by any 

genotyping error. 
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I 

Gene SNP Pro Retro All Cane Canc1 Cont Cane 2 
% % % % % % 

TNFA 
-238 GG 88.5 87.8 88.3 81.4 93.5 

GA 11.0 11.4 11.1 18.6 6.5 
AA 0.5 0.7 0.6 0 0 

-308 GG 65.1 65.5 65.2 84.2 67.7 77.8 
GA 28.8 30.0 29.2 15.8 32.3 21.1 
AA 6.1 4.6 5.7 0 0 1.1 

IL-IA 
-889 CC 51.5 48.9 50.7 50.5 38.7 

CT 38.7 42.9 39.9 41.4 51.6 
TT 9.8 8.2 9.3 8.1 9.7 

IL-IB 
-31 CC 15.6 15.7 15.6 28.4 9.7 37.0 

CT 38.7 42.7 40.1 44.1 32.3 40.1 
TT 45.7 41.6 44.3 27.5 58.1 23.0 

-511 TT 17.4 17.3 17.4 26.7 9.7 
TC 36.8 39.5 37.6 42.6 32.3 
CC 45.8 43.1 45.0 30.7 58.1 

+3953 CC 59.4 61.3 60.0 70.3 54.8 
CT 34.2 33.1 33.9 21.8 25.8 
IT 6.4 5.5 6.1 7.9 19.4 

IL-6 
-174 GG 36.8 37.9 37.1 66.7 25.8 76.6 

GC 42.3 43.8 42.8 22.5 48.4 19.0 
CC 21.0 18.3 20.1 10.8 25.8 4.4 

-572 GG 58.7 64.5 60.5 64.4 90.0 
GC 39.9 33.2 37.7 19.8 10.0 
CC 1.5 2.4 1.8 15.8 0 

-597 GG 41.9 40.7 41.5 66.3 23.3 77.8 
GA 41.6 46.3 43.1 22.8 50.0 18.5 
AA 16.5 13.0 15.4 10.9 26.7 3.6 

TGFB 
-509 CC 55.6 47.4 53.1 35.3 22.6 

CT 32.9 40.4 35.2 52.0 67.7 
TT 11.5 12.2 11.7 12.7 9.7 

-800 GG 83.1 86.3 84.1 95.0 96.7 
GA 15.5 12.3 14.5 5.0 3.3 
AA 1.4 1.3 1.4 0 0 

Table 4.11 - Comparison of SNPtype frequencies between the Glasgow head injury cohorts and data 
from the SNP500 database (SNP500cancer.nci.nih.gov). Pro=prospective Glasgow cohort 

Retro=retrospective Glasgow cohort AlI=combined Glasgow cohorts Canc=102 cancer sufferers 
included in SNP500 Cauc1=Caucasian subpopulation of23 from the Canc group Cont=control 

population of 280 subjects included for some SNPs in SNP500 Cauc2=Caucasian subpopulation of 
Cont group. 

% 

76.6 
21.9 
1.6 

12.9 
35.5 
51.6 

37.1 
50.0 
12.9 

39.0 
50.8 
10.2 



In the retrospective cohort nine out of eleven genotype frequencies fit the HWE. The 

degree of deviation is much reduced, in comparison to the original results, in the 

other assays. In the larger prospective cohort seven out of eleven genotype 

frequencies lie outside the HWE, but by a considerably reduced amount in 

comparison to the initial results. One set of results lies just on the boundary of 

significant deviation, at the 0.05 level, and the remaining assays provide results 

acceding to the HWE. Due to the effects of population selection one may have 

expected the retrospective cohort to have demonstrated more deviation from HWE 

than the prospective cohort (as this is more a random selection from the general 

population) but in fact the opposite is true. This reassures us that the there is no 

significant genotyping error, at least in the retrospective group. As the same assays 

were performed at the same time on the larger prospective cohort it is unlikely that 

there is any systemic error within these samples. The population must therefore not 

fulfil the criteria to impose the HWE or the DNA from this cohort has degenerated to 

such a degree that the results are no longer reliable. This second possibility is highly 

unlikely as the samples have been used only recently to determine APOE genotypes 

and have since been stored in a -80DC freezer. 

Tables 4.9 and 4.10 illustrate that some assays are more sensitive than others and 

also that as the number of samples with increasing amounts of missing data are 

included the degree of deviation increases (reflected in the increasing X2 values), 

suggesting that the results from these samples may be less accurate. It was decided 

to include all samples as it was unclear at what level to draw a cut-off, and this 

would have introduced bias into the study. 

The reasons for the variation in success of genotyping by assay (table 4.7) were 

discussed in section 4.4, and apply equally to these revised results. 

The revised results will now be combined with the clinical database in order to 

explore any associations between SNP genotype and outcome. 
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Chapter 5 

Outcome at 6-months after TBI 



5.1 Introduction 

With the genotyping of all of the samples now complete we are now able to move on 

to the analysis in conjunction with the clinical data. Examples of the type of clinical 

data have already been presented (in Section 1.8). One of the strengths of this study 

is the large amoupt of data, both clinical and genetic, that is available for analysis but 

it is important for this to be done logically and correctly. The successes and pitfalls 

of gene association studies have been outlined in Section 1.5 and in a number of 

reviews (Gambaro et al., 2000; Botstein & Risch, 2003). 

Many previous association studies have searched for links between outcome and a 

single SNP within a given gene. This has the advantage of being relatively simple to 

analyze but has a number of potential pitfalls. Using this approach it is imperative to 

select the SNP of interest with great care, as even if you are searching the correct 

gene it is easy to overlook a causative SNP. Alternately an association may be 

detected but this may occur because the SNP under investigation is in linkage 

disequilibrium with the causative SNP. When considering the cytokine genes and 

their SNPs as part of the inflammatory reaction it is unlikely that a single gene or 

SNP will be the only genetic factor influencing outcome. Due to the interactions 

between cytokines during inflammation it is more likely that a combination of SNPs 

within the genes will determine the overall degree of inflammation, the temporal 

profile and whether a chronic low level of inflammation will be induced. Whilst 

there may be some benefit in searching for associations between outcome and 

individual genes (a strong association may indicate a more important role in the 

overall mechanism for the specific gene) it will be more important to examine 

haplotype groups, as discussed by OIlier (2004). Multiple SNPs exist across a whole 

gene, and many of these will exist in linkage disequilibrium. It is therefore possible 

to construct a number of SNP haplotypes that characterise the gene. In addition it 

may then be possible to identify specific 'tagging' SNPs that identify a particular 

haplotype and reduce the need to genotype every SNP within the haplotype (Johnson 

et al., 2001). 

The use of haplotypes in gene association studies is discussed in detail by Clark 

(2004), and is usefully summarised; "1) that the unit oj biological junction, the 
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protein-coding gene, produces proteins whose sequences correspond to maternal 

and paternal haplotypes, 2) that variation in a population is in fact structured into 

haplotypes that are likely to be transmitted as a unit, and 3) that regardless of the 

population genetic reasons, haplotypes serve to reduce the dimensionality of the 

problem of testing association, and so they may increase the power of those tests. " 

Therefore, although examination of individual SNPs will be performed, another 

important part of the data analysis will be the construction and analysis of haplotype 

groups for each gene. 

5.2 General Methods 

The collection and initial analysis of the genotyping data has been covered in the 

preceding chapters. Examples of the clinical data are shown in Section 1.8. 

Databases were constructed usmg Microsoft Excel. Statistical analyses were 

performed using SPSS 13.0 & 14.0 for Windows. 

Clinical outcome at 6-months was determined using the Glasgow Outcome Scale 

(see Appendix A2). Outcome was then dichotomised into unfavourable (death, 

vegetative state, severe disability) or favourable (moderate disability or good 

recovery). This approach was used when this cohort was analysed in respect of 

potential association with APOE genotype (Teasdale et ai., 2005). 

Haplotype estimation was performed usmg SNP Analyzer (Yoo et ai., 2005), 

available at http://www.istech.infolistechiboard/lo gin _ form.j sp. 
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5.3 Results 

The data analysis has been separated according to the cohort being considered. The 

larger prospective cohort is most useful for assessing the impact of the cytokine gene 

polymorphisms on 6-month outcome, and this group shall be considered first. Any 

associations that are identified can then be tested upon the retrospective cohort. The 

retrospective cohort can then also be used to assess any associations with general 

'long-term' outcome and more specific neuropsychological outcome some years after 

Injury. 

5.3.1 Initial Analysis 

5.3.1.1 Association between SNPtype and dichotomised outcome 

The relationship between SNP genotype and outcome at 6-months (as assessed by 

dichotomised GOS) is shown in Table 5.1. The n number varies for each SNP as 

only those patients who were successfully genotyped for the given SNP were 

included in the analysis. p-values were determined using the chi-squared test. This 

analysis does not take into account any other clinical variables, such as the degree of 

initial injury or patient age. 

No SNPs reached statistical significance at the 0.05 level, although the TNF A -308 

and TGFB -800 polymorphisms trended towards significance (-308; p=0.07, -800; 

p=O.1). For TNFA -30839.8% of those patients with a poor outcome had a genotype 

containing the rarer A allele compared with 32.0% in those who had a good outcome. 

Those patients with the TGFB -800 AA genotype were more likely to have a 

favourable rather than an unfavourable outcome at 6-months. 
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GENOTYPE OUTCOME p-value GENOTYPE OUTCOME p-value 
unfavourable favourable Total unfavourable favourable Total 

TNF 238 TGF 509 
GG 295 (88.3%) 570 (88.9%) 865 0.73 CC 124 (54.9%) 281 (56.2%) 405 0.18 
GA 38 (11.4%) 67 (10.5%) 105 CT 82 (36.3%) 155 (31.0%) 237 
AA 1 (0.3%) 4 (0.6%) 5 TT 20 (0.9%) 64 (12.8%) 84 

Total 334 (100%) 641 (100%) 975 Total 226 (100%) 500 (100%) 726 

TNF 308 TGF 800 
GG 186 (60.2%) 416 (67.4%) 602 0.07 GG 220 (81.5%) 484 (83.6%) 704 0.1 
GA 104 (33.7%) 164 (26.6%) 268 GA 49 (18.1%) 84 (14.5%) 133 
AA 19 (6.1%) 37 (6.0%) 56 AA 1 (0.4%) 11 (1.9%) 12 

Total 309 (100%) 617 (100%) 926 Total 270 (100%) 579 (100%) 849 

ILl 889 IL6l74 
CC 147 (47.9%) 333 (53.3%) 480 0.30 GG 68 (34.9%) 148 (37.1%) 216 0.78 
CT 127 (41.4%) 233 (37.3%) 360 GC 83 (42.6%) 170 (42.6%) 253 
TT 33 (10.7%) 59 (9.4%) 92 CC 44 (22.6%) 81 (20.3%) 125 

Total 307 (100%) 625 (100%) 932 Total 195 (100%) 399 (100%) 594 

ILl 31 IL6572 
CC 35 (15.0%) 78 (15.9%) 113 0.27 GG 152 (56.5%) 318 (59.3%) 470 0.39 
CT 82 (35.0%) 199 (40.4%) 281 GC 111 (41.3%) 212 (39.6%) 323 
TT 117 (50.0%) 215 (43.7%) 332 CC 6 (2.2%) 6(1.1%) 12 

Total 234 (100%) 492 (100%) 726 Total 269 (100%) 536 (100%) 805 

ILl 511 IL6597 
TT 49 (17.1%) 103(17.8%) 152 0.83 GG 115 (40.9%) 234 (42.0%) 349 0.86 
TC 102 (35.7%) 216 (37.2%) 318 GA 117 (41.6%) 234 (42.0%) 351 
CC 135 (47.2%) 261 (45.0%) 396 AA 49 (17.4%) 89 (16.0%) 138 

Total 286 (100%) 580 (100%) 866 Total 281 (100%) 557 (100%) 838 

ILl 3953 
CC 197 (61.0%) 376 (58.5%) 573 0.65 
CT 108 (33.4%) 223 (34.7%) 331 
TT 18 (0.6%) 44 (0.7%) 62 

Total 323 (100%) 643 (100%) 966 



Table 5.1 (previous page) - SNP genotype vs . dichotomised 6-month 
outcome. p-values measured using l test. 

The same data is used in Figure 5.1 to examine the relationship between alleles and 

dichotomised outcome (i.e. whether possession of a .particular allele is associated 

with outcome). The results are presented as odds ratios, with only TNFA -308 

showing an odds ratio that does not cross 1. TGFB -800 had one of the lowest odds 

ratios but had large confidence intervals so it is difficult to assess the importance of 

1.6 

1.4 

0 1.2 ., 
C'CS 

c::: 
I/) 

"C 
"C 
0 

0.8 

0.6 

0.4 

Odds ratios for the association of SNP allele 
with poor outcome 

/ 

~ V 
~v 

~ 
'\ 

Figure 5.1 - Odds ratios for the association between SNP allele and 
outcome. An odds ratio of <1 indicates possession of the rarer allele 

is associated with poorer outcome. 

------

this within this cohort. Although no significant genotype association was shown for 

ILIA -889 (see table 5.1) an allele effect may be present with an odds ratio of 0.806 

(eI0.613-1.059). In all three cases possession of the rarer allele is associated with a 

poorer outcome. 
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5.3.1.2 Association between SNP alleles and poor outcome in different age 

groups 

Association between SNP alleles and poor outcome in different age groups was 

assessed. This analysis was designed to assess the interaction between the cytokine 

SNPs and age, as the effects of APOE E4 is more pronounced in people of younger 

age (see Teasdale et at., 2005). Results are shown in Appendix C as it was not 

possible to completely assess the SNPs with rare alternative alleles due to 

insufficient numbers in some groups. 

The previously noted effect of TNF A -308 was fairly consistent (with similar odds 

ratios) through all of the age groups, although the confidence intervals meant these 

were non-significant results. It was not possible to properly assess TGFB -800 

across all of the age groups. 

There also appears to again be a slight effect ofILIA -889, with confidence intervals 

of the odds ratio that only just cross 1, and an effect ofILIB +3953 in patients under 

the age of30. 
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5.3.1.3 Haplotype frequencies 

The estimated haplotype frequencies within the prospective cohort are shown in 

Table 5.2. 

Haplotype Frequency Haplotype Frequency 

TNFA TGFB 
GG 71.96 % eG 57.05 % 
GA 21.22 % TG 29.73 % 
AG 5.92 % eA 8.99 % 
AA 0.9% TA 4.24 % 

ILl IL6 
eTee 30.19 % GGG 34.32 % 
eeTe 22.34 % eGA 18.58 % 
TTeT 11.88 % eGG 15.63 % 
ecce 6.18 % eeA 11.95 % 
TTee 5.92 % GGA 6.62 % 
eTTe 4.75 % GeG 5.53 % 
eTeT 3.05 % eeG 5.31 % 
TeTe 2.81 % GeA 2.24 % 
Teee 2.72 % 
TeTT 2.17 % 
TeeT 1.83 % 
eeeT 1.51 % 
TTTe 1.41 % 
TTTT 1.12 % 
eeTT 1.09 % 
eTTT 1.04 % 

Table 5.2 - Estimated haplotype frequencies within the prospective cohort. 
Haplotypes are arranged as follows; TNF A:-238/-308, TGFB: -509/-800, 
ILl: ILlA-889/ILlB -31/-5111+3953, IL6: -174/-572/-597. 
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5.3.1.4 Haplotype association with 6-month outcome 

The presence of an association between dichotomised clinical outcome and 

possession of a particular haplotype was examined by means of a Chi-squared test. 

Haplotypes with a frequency of less than 5% in the cohort were not considered. 

Haplotype Outcome p-value 
unfavourable favourable 

TNFA 

GG negative 43 82 125 
GG positive 323 625 948 0.942 

366 707 1073 

GA negative 222 477 699 
GA positive 144 230 374 0.026 

366 707 1073 

AG negative 323 620 943 
AG positive 43 87 130 0.791 

366 707 1073 

TGFB 

CG negative 96 190 286 
CG positive 270 517 787 0.821 

366 707 1073 

TG negative 190 382 572 
TG positive 176 325 501 0.510 

366 707 1073 

CA negative 299 594 893 
CA positive 67 113 180 0.334 

366 707 1073 

Table 5.3 - Haplotype association with dichotomised outcome. 
Patients were assessed as to whether they possessed the haplotype 
or not and this was compared to outcome. 
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Haplotype Outcome p-value 
unfavourable favourable 

ILl 

eTee negative 206 367 573 
eTee positive 160 340 500 0.173 

366 707 1073 

eeTe negative 228 393 621 
eeTe positive 138 314 452 0.035 

366 707 1073 

TTeT negative 271 524 795 
TTeT positive 95 183 278 0.980 

366 707 1073 

ecce negative 321 650 971 
ecce positive 45 57 102 0.025 

366 707 1073 

TTee negative 318 632 950 
TTee positive 48 75 123 0.222 

366 707 1073 

IL6 

GGG negative 154 276 430 
GGG positive 212 431 643 0.336 

366 707 1073 

eGA negative 243 481 724 
eGA positive 123 226 349 0.587 

366 707 1073 

eGG negative 277 543 820 
eGG positive 89 164 253 0.682 

366 707 1073 

eeA negative 254 512 766 
eeA positive 112 195 307 0.299 

366 707 1073 

Table 5.3 - cont'd 
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Haplotype Outcome p-value 
unfavourable favourable 

IL6 

GGA negative 337 654 991 
GGA positive 29 53 82 0.803 

366 707 1073 

GCG negative 335 653 988 
GCG positive 31 54 85 0.632 

366 707 1073 

CCG negative 346 669 1015 
CCG positive 20 38 58 0.951 

366 707 1073 

Table 5.3 - cont'd 

Three haplotypes demonstrate significant results at the 0.05 level; GA in TNF A 

(p=0.026) and CCTC (p=0.035) and CCCC (p=0.025) in ILl. 

5.3.2 Subgroup analysis 

Deviation from the Hardy-Weinberg equilibrium within the cohorts was discussed in 

section 4.4. Although the reasons for continuing to use the whole of the prospective 

cohort were explained there it would be useful to consider the results we have 

obtained so far in those samples where HWE is achieved. Consulting Table 4.9 we 

can see that if only samples with 2 or fewer pieces of missing data are considered 

then we still maintain a relatively large number of samples (n=746) in the analysis 

but minimise the deviation from the HWE. This will act as a further validation of the 

results from the whole cohort. 

5.3.2.1 Association between SNPtype and dichotomised outcome 

The chi-squared analysis, as performed in section 5.3.1.1, was repeated for the 

subgroup. As before the total n number for each SNP analysis varies due to the 

varying success of each genotyping assay. Results are shown in Table 5.4. 
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GENOTYPE OUTCOME P-value GENOTYPE OUTCOME P-value 
unfavourable favourable Total unfavourable favourable Total 

TNF 238 TGF 509 
GG 204 (87.2%) 446 (89.7%) 650 0.51 CC 117 (55.5%) 257 (56.2%) 374 0.26 
GA 29 (12.4%) 48 (9.7%) 77 CT 76 (36.0%) 144 (3l.5%) 220 
AA 1 (0.4%) 3 (0.6%) 4 TT 18 (8.5%) 56 (12.3%) 74 

Total 234 (100%) 497 (100%) 731 Total 211 (100%) 457 (100%) 668 

TNF 308 TGF 800 
GG 144 (6l.5%) 332 (66.3%) 476 0.16 GG 187 (8l.7%) 407 (82.1 %) 594 0.18 
GA 81 (34.6%) 141 (28.1%) 222 GA 41 (17.9%) 78 (15.7%) 119 
AA 9 (3.8%) 28 (5.6%) 37 AA 1 (0.4%) 11 (2.2%) 12 

Total 234 (100%) 501 (100%) 735 Total 229 (100%) 496 (100%) 725 

IL1889 IL6174 
CC 103 (44.2%) 268 (53.5%) 371 0.06 GG 63 (34.2%) 143 (37.4%) 206 0.65 
CT 107 (45.9%) 193 (38.5%) 300 GC 81 (44.0%) 167 (43.7%) 248 
TT 23 (9.9%) 40 (8.0%) 63 CC 40 (21.7%) 72 (18.8%) 112 

Total 233 (100%) 501 (100%) 734 Total 184 (100%) 382 (100%) 566 

IL131 IL6572 
CC 30 (14.5%) 69 (15.2(Yo) 99 0.41 GG 125 (54.6%) 291 (59.5%) 416 0.37 
CT 77 (37.2%) 190 (4l.9%) 267 GC 100 (43.7%) 193 (39.5°;;) 293 
TT 100 (48.3%) 194 (42.8%) 294 CC 4 (1.7%) 5 (l.0%) 9 

Total 207 (100%) 453 (100%) 660 Total 229 (100%) 489 (100%) 718 

IL1511 IL6597 
TT 39 (16.7%) 84 (16.7(%) 123 0.67 GG 84 (37.3%) 195 (41.3%) 279 0.43 
TC 85 (36.3%) 199 (39.6%) 284 GA 99 (44.0%) 205 (43.4%) 304 
CC 110 (47.0%) 220 (43.7%) 330 AA 42 (18.7%) 72 (15.3%) 114 

Total 234 (100%) 503 (100%) 737 Total 225 (100%) 472 (100%) 697 

IL13953 
CC 130 (55.3%) 304 (60.6%) 434 0.37 
CT 92 (39.1 %) 170 (33.9%) 262 
TT 13 (5.5%) 28 (5.61/';) 41 

Total 235 (100%) 502 (100%) 737 
- ---- ~ ~- -

109 



Table 5.4 (previous page) - SNP genotype vs. dichotomised 6-month 
outcome in the sub-group. p-values measured using l test. 

Within the subgroup the results for the TNF A -308 and TGFB -800 become less 

significant (p=0.16 and p=0.18, respectively) than observed within the whole cohort 

(p=0.07 and p=O.I, respectively). However they remain among those which trend 

more towards an association than the other SNPs. The ILIA -889 SNP becomes 

closer to achieving significance within the subgroup (p=0.06) than within the whole 

cohort (p=0.3), mirroring the findings of the odds ratio analysis of the whole cohort. 

The other SNPs remain non-significant. 

5.3.2.2 Haplotype association with 6-month outcome 

The haplotype association analysis was also repeated to examine whether the same 

haplotypes associations identified in the whole cohort analysis remain significant. 

The same haplotypes examined in section 5.3.1.4 were used, and are shown in Table 

5.5. 

Haplotype Outcome p-value 
unfavourable favourable 

TNFA 

GG negative 20 47 67 
GG positive 215 457 672 0.719 

235 504 739 

GA negative 144 335 479 
GA positive 91 169 260 0.169 

235 504 739 

AG negative 204 450 654 
AG positive 31 54 85 0.326 

235 504 739 

Table 5.5 - Haplotype association with dichotomised outcome. 
Patients were assessed as to whether they possessed the haplotype 

or not and this was compared to outcome. 
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Haplotype Outcome p-value 
unfavourable favourable 

ILl 

eTee negative 115 231 346 
eTee positive 120 273 393 0.431 

235 504 739 

eeTe negative 135 251 386 
eeTe positive 100 253 353 0.053 

235 504 739 

TTeT negative 153 355 508 
TTeT positive 82 149 231 0.145 

235 504 739 

eeee negative 225 481 706 
eeee positive 10 23 33 0.850 

235 504 739 

TTee negative 200 449 649 
TTee positive 35 55 90 0.123 

235 504 739 

IL6 

GGG negative 80 149 229 
GGG positive 155 355 510 0.220 

235 504 739 

eGA negative 149 336 485 
eGA positive 86 168 254 0.385 

235 504 739 

eGG negative 192 412 604 
eGG positive 43 92 135 0.989 

235 504 739 

eeA negative 152 349 501 
eeA positive 83 155 238 0.216 

235 504 739 

Table 5.5 - cont'd 
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Haplotype Outcome p-value 
unfavourable favourable 

IL6 

GGA negative 220 474 694 
GGA positive 15 30 45 0.820 

235 504 739 

GCG negative 222 475 697 
GCG positive 13 29 42 0.903 

235 504 739 

CCG negative 228 488 716 
CCG positive 7 16 23 0.886 

235 504 739 

TGFB 

CG negative 41 106 147 
CG positive 194 398 592 0.256 

235 504 739 

TG negative 124 277 401 
TG positive 111 227 338 .0577 

235 504 739 

CA negative 193 419 612 
CA positive 42 85 127 0.735 

235 504 739 

Table 5.5 - cont'd 

The analysis of the complete cohort indicated significant (p<0.05) associations 

between dichotomised outcome and three of the hap1otypes: GA in TNF A and CCTC 

and CCCC in IL1. In the subgroup analysis the GA haplotype no longer remains 

significant (p=0.169 vs. p=0.026 in the full cohort). The ILl CCTC haplotype 

remains borderline significant (p=0.053 vs. p=0.035) while the ILl CCCC haplotype 

becomes markedly non-significant (p=0.850 vs. p=0.025). None of the other 

haplotypes become significantly associated with outcome in the subgroup analysis. 
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5.3.3 Discussion 

A number of analyses have been undertaken to assess the presence of any association 

between our selected cytokine SNPs and dichotomised outcome (based upon the 

Glasgow Outcome Scale) after head injury. These initial analyses are admittedly 

rather statistically crude, as they disregard much of the other clinical information 

available for these patients, but they provide a good guide as to whether any 

associations are likely to become apparent in further analyses. 

Patients were first considered according to their genotype (i.e. were they homo- or 

heterozygotes - see section 5.3.1.1). No statistically significant results were obtained 

at the 0.05 level but two SNPs showed a trend towards significance. Those patients 

who were heterozygotes or homozygous for the rarer A allele at TNF A -308 seemed 

to show a trend towards poorer outcome, falling just short of significance (p=0.07). 

This is an encouraging finding as this would 'fit' with our initial hypotheses as the A 

allele has been previously associated with increased levels of TNFa (Kroeger et al., 

1997; Wilson et ai., 1997), and TNFa is generally considered to have pro­

inflammatory effects (see Section 1.9.1). The next most important result is that for 

TGFB -800, with a p-value of 0.1, suggesting a trend towards an association. 

However ifthe results are examined closely it becomes apparent that there is no clear 

trend (or additive effect) of the rarer allele. In table 5.1 we can see that being 

homozygous for the A allele appears to show an association with a much higher 

chance of having a good outcome when compared to those patients who are 

homozygous for the G allele. This effect disappears in those who are heterozygotes. 

There is therefore no evidence of a 'dose' effect of the allele but the possibility of an 

effect in A homozygotes. If this effect of the A allele is true then this again fits with 

our knowledge of the effects of these SNPs. The A allele has previously been 

associated with increased levels of TGF{3 (Grainger et ai., 1999) and this is believed 

to exert a neuroprotective effect (see Section 1.9.4). None of the SNPs in the IL-l or 

IL-6 clusters appeared to be exerting any effect on outcome. 

In Figure 5.1 I have tested the allele effect on outcome. Patients were categorised in 

to one of two groups by asking the question 'Do they possess at least one copy of the 
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rarer allele at each SNP position?' The only allele to show a clear effect was the 

TNF A -308 A allele, again being associated with poorer outcome. No other SNPs 

showed a statistical association, although two other results are of interest. When 

examining allele effects the rarer A allele at TGFB -800 actually appears to 

predispose to a poorer outcome, the opposite of what was being suggested in the 

genotype analysis. Only 12 patients are homozygous for the A allele and therefore 

any potential protective effect of having two copies of the A allele (as identified in 

the genotype analysis) is being swamped in this allele analysis by the much larger 

number of patients with a single copy of the allele. A potential effect of the ILIA -

889 SNP should also be considered on the basis of this analysis. Although again the 

effect does not reach significance the confidence intervals only just cross 1 and 

therefore a potential effect may be present. 

In these first sets of analyses we have not taken account of other confounding. 

variables, such as patient age, which we know has an effect on outcome after TBI. It 

may also be that the SNPs have differential effects in various age groups, such as has 

been shown for the APOE genotype (Teasdale et al., 2005). It was not possible to 

properly assess all of the SNPs across all of the age groups because of insufficient 

numbers, even within this large cohort. The effect of TN FA -308 was again detected 

and seems to be a consistent, although non-significant, effect across all age groups. 

There is a strikingly different effect of the IL-IA -889 in the youngest age group as 

compared to the other age groups. Again this is non-significant but may highlight 

the possibility of differential effects of the SNPs according to age. 

In the introduction to this section I highlighted the need to not only assess individual 

SNPs but to consider interaction between SNPs and the importance of considering 

haplotype groups within genes. By analysing these haplotypes we may detect gene 

interactions that would otherwise be missed if SNPs were considered independently. 

The initial analysis of the haplotypes present in this cohort has revealed a number of 

potential associations. Again an association is noted in the TNFa gene. However we 

must consider whether this is a true haplotype effect or as a result of the individual 

alleles in a haplotype which contains only two SNPs. When we examine the results 

we see that that the GA haplotype identified as significant is the only one of the three 

haplotypes considered which contains the A allele in the -308 position. We have 
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already identified this allele as having a potential association with outcome. It is 

therefore likely that this is not a true haplotype effect but an allele effect which 

masquerades as a haplotype effect in this analysis. There is no haplotype effect 

within the TGF{3 gene, where we have already identified the -800 position as having 

a potential effect. Two haplotypes within the IL-I gene cluster are identified using 

this analysis as having potential association with outcome. Both the eeTe and 

eeee haplotypes have p-values less than 0.05. This suggests that there may be 

some interaction between the SNPs in the IL-I genes which subsequently influences 

outcome, but the association needs to be explored further to establish this. 

In the previous chapter we examined the Hard y-Weinberg Equilibrium within our 

prospective cohort. The deviation from this equilibrium among some of the SNPs 

was highlighted and the reasons for this discussed. Based upon this it was decided to 

continue to use the whole cohort for analysis. To a certain extent my results for the 

whole cohort can be validated by examining the subset of the cohort with the 'best 

fit' with the HWE. By including only those patients who are missing two or fewer 

pieces of SNP data in the subset this can be achieved relatively well. When the 

analysis is carried out on this subgroup the results in general stay very similar. In the 

genotype analysis the three SNPs with the smallest p-values remain the TNF A -308, 

TGFB -800 and ILIA -889, as found in the analysis of the full cohort. The -308 and 

-800 SNPs become less significant whilst the -889 SNP becomes more so. As we 

would expect, based upon the discussion above, the TNF A GA haplotype becomes 

less significant in tandem with the TNFA -308 SNP becoming less significant. 

Within the other genes only one of the ILl haplotypes remains significant (eeTC, as 

identified in the full cohort) whilst the eece haplotype becomes marked non 

significant. The eeee haplotype is one of the rarer haplotypes considered, with 

relatively few patients possessing it. By reducing the numbers still further within the 

subgroup it is unsurprising that the haplotype becomes non-significant. When 

assessing this subgroup we must remember that we are only considering two pieces 

of information - the dichotomised outcome and genetic results, taking no account of 

other factors such as age and degree of initial injury. The subgroup will not be 

directly comparable to the full cohort for this reason. 
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5.4 Regression Analysis 

Having perfonned my initial analysis r now have a good idea as to which SNPs are 

likely to be exerting an effect on clinical outcome. r now need to take account of 

some of the other factors we know affect outcome after TBI. This can be best 

achieved by binary logistic regression analysis. 

5.4.1 Methods 

Outcome measures were dichotomised for the regressIOn analysis. For overall 

outcome at six months the GOS was dichotomised in the standard manner (GOS 1-3 

= poor outcome, 4-5 = good outcome). More specific outcome measures (such as 

seizures and raised intracranial pressure (ICP)) were assessed according to presence 

or absence of the specific outcome. 

'Seizures' were seizures requiring treatment at any stage during admission, 'raised 

rcP' was raised intracranial pressure requiring treatment during admission and 

'infection' was life-threatening infection at any point during admission. 

Co-variates used in the analysis were age ( continuous variable), GCS (categorised 

into mild, moderate or severe), initial CT scan findings (categorised, from the 

Marshall classification (Marshall et al., 1991), into 3 groups), and APOE genotype 

(presence or absence of the E4 allele). 

As previously only haplotypes with a frequency of at least 5% within the cohort were 

analysed. 

5.4.2 Results 

5.4.2.1 Association between SNP allele and overall outcome 

Genotype results for each SNP were dichotomised according to possession or not of 

at least one copy of the rarer allele. Table 5.6 demonstrates the odds ratios obtained 
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when each SNP was added to the logistic regression model with the co-variates 

outlined in section 5.4.1. Only the -308 SNP in TNFA had a significant impact upon 

the model. This is in keeping with the results obtained in the earlier analysis (see 

section 5.3.1.1). Previous analysis had also suggested that there may be a role for the 

TGFB -800 and ILIA -889 SNPs. This regression analysis has shown that these 

SNPs have a less significant effect when considered with the other factors that 

influence outcome and therefore do not appear to be associated with outcome after 

TBl. 

SNP n Odds Ratio c.1. p-value 

ILIA -889 836 1.210 0.855 - 1.712 0.283 

IL1B -31 656 0.716 0.482 - 1.064 0.098 

IL1B -511 777 0.897 0.629 - 1.279 0.549 

IL1B +3953 871 0.867 0.612 - 1.229 0.423 

IL6 -174 534 1.118 0.708 - 1.764 0.663 

IL6 -572 726 1.150 0.789 - 1.677 0.467 

IL6 -597 756 1.114 0.771 - 1.608 0.566 

TGFB -509 649 1.093 0.728 - 1.641 0.667 

TGFB -800 760 1.270 0.777 - 2.074 0.340 

TNFA -238 876 1.142 0.667 - 1.954 0.628 

TNFA -308 835 1.612 1.126 - 2.309 0.009 

Table 5.6 - Odds ratio of achieving a good outcome if you do not possess the 
rare allele at each of the given SNP positions. 

n=number of patients considered for the regression analysis, due to missing 
genetic or clinical data. 

c.r. = 95% confidence intervals 
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5.4.2.2 Haplotype association with dichotomised overall outcome 

In a similar manner to the previous haplotype analysis patients were dichotomised as 

to whether they possessed at least one copy of the haplotype under consideration or 

not. Haplotypes which occurred with a frequency of less than 5% in the cohort were 

not analysed. Results are shown in Table 5.7. 

Haplotype n Odds Ratio C.1. p-value 

ILl 

CTCC 

CCTC 

TTCT 

CCCC 

TTCC 

TGFB 

CG 

TG 

CA 

IL6 

GGG 

CGA 

CGG 

CCA 

GGA 

GCG 

CCG 

TN FA 

GG 

GA 

AG 

968 0.973 0.707 - 1.339 

968 0.774 0.559 - 1.070 

968 0.968 0.671 - 1.397 

968 1.685 0.998 - 2.847 

968 1.196 0.746 - 1.917 

968 0.964 0.674 - 1.379 

968 1.119 0.813 -1.539 

968 1.320 0.863 - 2.020 

968 0.876 0.635 - 1.209 

968 0.918 0.653 - 1.290 

968 0.963 0.664 - 1.396 

968 1.300 0.912 - 1.853 

968 1.088 0.605 - 1.957 

968 0.872 0.492 - 1.546 

968 1.519 0.772 - 2.990 

968 0.988 0.603 - 1.619 

968 1.426 1.023 - 1.987 

968 0.976 0.595 - 1.600 

Table 5.7 - Odds ratio of achieving a good outcome if you do not possess 
the given haplotype in the gene(s) indicated. 

n=number of patients considered for the regression analysis, due to missing 
genetic or clinical data. 

C.1. = 95% confidence intervals 

0.866 

0.121 

0.862 

0.051 

0.457 

0.839 

0.491 

0.201 

0.422 

0.621 

0.840 

0.146 

0.777 

0.639 

0.226 

0.962 

0.036 

0.923 
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5.4.2.3 SNP association with seizure occurrence 

Results from the binary logistic regression analysis of SNP association with seizure 

occurrence are shown in table 5.8. Only one SNP, IL-1A -889, showed a significant 

effect, and this was only slight. Possession of at least one copy of the rarer T allele 

at the -889 position appears to be associated with an increased risk of a seizure after 

head injury. 

SNP 

ILIA -889 

IL1B -31 

IL1B -511 

IL1B +3953 

IL6 -174 

IL6 -572 

IL6 -597 

TGFB -509 

TGFB -800 

TNFA -238 

TNFA -308 

n Odds Ratio c.1. 

843 0.692 0.479 - 0.999 

662 1.227 0.815 -1.847 

784 1.108 0.766 - 1.605 

879 1.018 0.705 - 1.470 

540 1.536 0.973 - 2.426 

733 0.773 0.523 - 1.142 

763 1.224 0.832 - 1.800 

656 0.701 0.464 - 1.058 

767 1.008 0.600 - 1.694 

884 1.175 0.643 - 2.149 

842 1.092 0.741 -1.610 

Table 5.8 - Odds ratio of a seizure occurring post TBI if you do 
not possess the rarer allele. n=number of subjects included in the 
analysis, C.I=95% confidence interval. 

p-value 

0.049 

0.326 

0.586 

0.923 

0.066 

0.195 

0.306 

0.091 

0.976 

0.600 

0.656 
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5.4.2.4 Haplotype association with seizure occurrence 

Haplotype association with seizures after TBI are shown in table 5.9. Only the ILl 

TTCC haplotype shows a significant association with seizure occurrence after TBI, 

and may be related to the significant association of the ILIA -889 SNP with seizure 

occurrence (see section 5.4.2.3). 

Haplotype 

ILl 

CTCC 

CCTC 

TTCT 

CCCC 

TTCC 

TGFB 

CG 

TG 

CA 

IL6 

GGG 

CGA 

CGG 

CCA 

GGA 

GCG 

CCG 

TN FA 

GG 

GA 

AG 

Table 5.9 - Association between haplotype and post TBI seizure 
occurrence. n= subjects included in analysis, c.I. =95% 

confidence interval 

n Odds Ratio c.1. 

976 0.994 0.706 - 1.399 

976 1.261 0.889 - 1.790 

976 0.950 0.645 - 1.399 

976 0.857 0.491 - 1.494 

976 0.555 0.348 - 0.886 

976 1.188 0.816 - 1.732 

976 0.859 0.611 - 1.206 

976 0.796 0.513 -1.236 

976 1.015 0.718-1.436 

976 1.289 0.886 - 1.874 

976 1.460 0.948 - 2.251 

976 0.849 0.585 - 1.231 

976 0.764 0.425 - 1.373 

976 0.719 0.404 - 1.280 

976 1.332 0.587 - 3.023 

976 1.014 0.596 - 1.724 

976 0.988 0.692 - 1.410 

976 1.187 0.684 - 2.061 

p-value 

0.973 

0.194 

0.795 

0.585 

0.014 

0.368 

0.380 

0.310 

0.932 

0.184 

0.086 

0.387 

0.368 

0.263 

0.492 

0.959 

0.947 

0.541 
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5.4.2.5 SNP association with raised ICP 

Two SNPs show a potential association with significantly raised intracranial pressure 

after TBI, as shown in table 5.10. The more rare alleles at the -889 position in IL­

IA and +3953 in IL-1B appear to be associated with a predisposition to raised 

intracranial pressure, with -889 having a more marked effect. 

SNP 

ILIA -889 

IL1B -31 

IL1B -511 

IL1B +3953 

IL6 -174 

IL6 -572 

IL6 -597 

TGFB -509 

TGFB -800 

TNFA -238 

TNFA -308 

n Odds Ratio C.1. 

836 0.517 0.312 - 0.857 

656 1.280 0.738 - 2.222 

777 1.216 0.728 - 2.033 

871 0.572 0.349 - 0.938 

534 0.838 0.437 - 1.605 

726 0.749 0.443 - 1.269 

756 0.714 0.409 - 1.244 

649 1.106 0.616 - 1.984 

760 0.809 0.402 - 1.629 

876 1.090 0.516 - 2.302 

835 0.819 0.497 - 1.348 

Table 5.10 - Odds ratio of raised ICP if you do not possess the 
rarer allele. n=number of subjects included in the analysis, 

C.I=95% confidence interval. 

p-value 

0.010 

0.380 

0.455 

0.027 

0.593 

0.283 

0.234 

0.736 

0.553 

0.821 

0.432 

121 



5.4.2.6 Haplotype association with raised ICP 

Haplotype association with raised ICP are shown in table 5.11. The ILl TTCT 

haplotype is the only significant association identified (p=0.018). 

Haplotype 

ILl 

CTCC 

CCTC 

TTCT 

CCCC 

TTCC 

TGFB 

CG 

TG 

CA 

IL6 

GGG 

CGA 

CGG 

CCA 

GGA 

GCG 

CCG 

TNFA 

GG 

GA 

AG 

n Odds Ratio C.I. 

968 0.947 0.604 - 1.483 

968 0.984 0.625 - 1.549 

968 0.549 0.334 - 0.902 

968 1.345 0.646 - 2.804 

968 0.790 0.417 - 1.497 

968 1.380 0.848 - 2.246 

968 1.141 0.724 - 1.800 

968 0.770 0.437 - 1.356 

968 0.995 0.631 - 1.569 

968 1.207 0.744 - 1.958 

968 0.986 0.587 - 1.656 

968 0.720 0.443 - 1.170 

968 0.608 0.288 - 1.281 

968 0.828 0.391 - 1.753 

968 1.261 0.417 - 3.817 

968 1.564 0.846 - 2.893 

968 0.884 0.557 - 1.402 

968 0.963 0.494 - 1.874 

Table 5.11- Association of haplotype with raised ICP. 
n=number of subjects included in the analysis, C.I=95% 

confidence interval. 

p-value 

0.810 

0.944 

0.018 

0.428 

0.470 

0.195 

0.569 

0.365 

0.982 

0.447 

0.957 

0.185 

0.190 

0.622 

0.682 

0.154 

0.600 

0.911 
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5.4.2.7 SNP association with infection 

As we have seen for the other more specific outcome measures above it is again a 

SNP in the IL-l gene family that has a significant association with severe infection 

after TBI (see table 5.12 below). In this instance the SNP at IL-IB -31 is responsible 

and the rarer C allele seems to exert a protective against infection. 

SNP 

ILIA -889 

ILIB -31 

IL1B -511 

IL1B +3953 

IL6 -174 

IL6 -572 

IL6 -597 

TGFB -509 

TGFB -800 

TNFA -238 

TNFA -308 

n Odds Ratio C.1. 

836 0.591 0.324 - 1.076 

656 2.127 1.091 - 4.147 

777 1.218 0.661 - 2.245 

871 0.731 0.411 - 1.299 

534 0.948 0.457 - 1.967 

726 0.629 0.344-1.151 

756 1.039 0.552 - 1.955 

649 0.534 0.273 - 1.042 

760 2.229 0.766 - 6.490 

876 1.022 0.413 - 2.525 

835 1.579 0.822 - 3.033 

Table 5.12 - Odds ratio of a severe infection occurring post TEl 
if you do not possess the rarer allele. n=number of subj ects 

included in the analysis, C.I=95% confidence interval. 

p-value 

0.085 

0.027 

0.527 

0.286 

0.887 

0.133 

0.907 

0.066 

0.141 

0.963 

0.170 
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5.4.2.8 Haplotype association with infection 

Results are shown in table 5.13. Only the IL1B -31 SNP was shown to be associated 

with severe infection after TBI in the analysis of individual SNPs (section 5.4.2.7). 

In this haplotype analysis none of the ILl haplotypes maintain this association. 

Interestingly the TG haplotype in TGFB appears to be associated with a significant 

protective effect (p=0.035). 

Haplotype 

ILl 

CTCC 

CCTC 

TTCT 

CCCC 

TTCC 

TGFB 

CG 

TG 

CA 

IL6 

GGG 

CGA 

CGG 

CCA 

GGA 

GCG 

CCG 

TNFA 

GG 

GA 

AG 

Table 5.13 - Haplotype association with severe infection post 
TBl. n=number of subjects included in the analysis, C.I=95% 

confidence interval. 

n Odds Ratio C.1. 

968 0.828 0.488 - 1.404 

968 1.352 0.778 - 2.349 

968 0.641 0.361 - 1.137 

968 2.203 0.761 - 6.380 

968 0.611 0.301 - 1.240 

968 1.064 0.587 - 1.928 

968 0.558 0.325 - 1.959 

968 2.035 0.847 - 4.893 

968 1.080 0.634 - 1.840 

968 0.877 0.507 - 1.514 

968 1.199 0.628 - 2.289 

968 0.800 0.453 - 1.413 

968 1.807 0.538 - 6.066 

968 1.091 0.441 - 2.704 

968 0.397 0.155 - 1.016 

968 1.350 0.649 - 2.810 

968 1.379 0.777 - 2.447 

968 0.947 0.428 - 2.098 

p-value 

0.484 

0.285 

0.129 

0.145 

0.173 

0.838 

0.035 

0.112 

0.777 

0.637 

0.582 

0.443 

0.338 

0.850 

0.054 

0.422 

0.272 

0.894 
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5.5 Inflammatory Profiles 

To this point in the analysis I have looked at the effect of individual SNPs and the 

effect of combined SNPs, in the fonn of haplotypes. However, the haplotype 

analysis only enables us to look for SNP interactions within a given gene or gene 

cluster. The interaction between genes is also important, especially if we consider 

that the inflammatory reaction will depend upon the interaction of a number of 

cytokines. The SNPs chosen for this study were selected because there was evidence 

that they either affected gene transcription or had been shown to influence disease 

susceptibility in other conditions. The SNPs can therefore be categorised into those 

that evidence suggests should have a neurotoxic effect, those that may be 

neuroprotective and those that have no clear effect. The interaction between these 

SNPs can then be investigated. 

5.5.1 Methods 

Based upon the literature (the evidence for selecting these SNPs and haplotypes is 

summarised in section 1.9) four factors were identified that I hypothesised would 

promote neuroinflammation; possession of the TNFA -308 A allele, the ILIA -889 T 

allele, the IL1B +3953 T allele and the IL6 GGA haplotype. Similarly three factors 

that would promote neuroprotection were identified. These were the -509 T and -800 

A alleles in TGFB and the IL6 GGG haplotype. 

To assess the effect of these SNPs in combination the cohort was stratified according 

to the number of 'high risk' or 'protective' SNPs or haplotypes possessed. The effect 

was assessed by perfonning a i test and calculating the odds ratio. Again outcome 

was measured using the dichotomised 6-month GOS. A total of 605 subjects who 

had a full set of genotyping data for the relevant SNPs were entered into the analysis 
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5.5.2 Results 

5.5.2.1 Risk of poor outcome at 6-months according to the number of 'high risk' 

genetic factors possessed 

Results are shown in table 5.14. Possession of one or more of the high risk factors 

increases the likelihood of having a poor outcome at 6-months post head injury. 

Possession of two of the factors significantly increases the risk (p=0.007). If this 

trend continues (and I have hypothesised the factors correctly) then possession of 

three or four factors would be expected to increase the risk further. It is slightly 

surprising therefore that possession of three factors does not also significantly 

increase the risk. In order to investigate this finding a further analysis was performed 

to investigate which combinations have the greatest effect (see section 5.5.2.2). 

No of high 

risk factors 

0 

1 

2 

3 

4 

Poor Good 2 X p- OR (95% 
n 

Outcome Outcome value confidence interval) 

159 38 121 referent referent 

190 54 136 0.340 1.264 (0.781-2.047) 

173 65 108 0.007 1.916 (1.189-3.088) 

81 25 56 0.246 1.420 (0.783-2.580) 

2 2 0 - -

Table 5.14 - Odds ratio of a poor outcome according to the 
number of high risk factors possessed. n=number of subjects, 

OR=odds ratio. 

5.5.2.2 Risk of poor outcome at 6-months according to the profIle of 'high risk' 

genetic factors possessed 

Subjects with one, two or three 'high risk' genetic factors were then classified 

according to their genetic profile and compared with those subjects with none of the 

risk factors (table 5.15). The TNF A -308, ILIA -889 and IL6 haplotype are all 

associated with an increased risk of a poor outcome at 6-months, as expected from 

the literature evidence. Possession of the +3953 T allele in IL1B is more likely to 
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exert a protective effect than a neurotoxic one. This is in keeping with the findings 

of the earlier analyses in this study, but not what would have been predicted from the 

literature. However when the allele is combined with possession of the -889 T allele 

in ILIA the effect is to increase the neurotoxic effect of -889 T (OR of -889 T alone 

= 1.33, but rises to 1.88 if -889 T and +3953 T are combined). This is a significant 

effect (p=0.01). The other significant result occurs when both the TNF A -308 and 

ILIA -889 are combined together (OR 2.73,p=0.02). 

-308 A 

-

+ 

-

-

-

+ 

+ 

+ 

-

-

-

+ 

+ 

+ 

-

+ 

Genetic Profile 

-889 T 

-

-

+ 

-

-

+ 

-

-

+ 

+ 

-

+ 

+ 

-

+ 

+ 

+3953 T GGA n Poor Good l 
- - 159 38 121 -

- - 101 29 72 0.387 

- - 51 15 36 0.430 

+ - 21 4 17 0.621 

- + 17 6 11 0.302 

- - 26 12 14 0.018 

+ - 9 2 7 0.909 

- + 2 1 1 0.392 

+ - 132 49 83 0.014 

- + 3 0 3 -

+ + 1 1 0 -

+ - 69 22 47 0.208 

- + 2 0 2 -

+ + 0 0 0 -

+ + 10 3 7 0.662 

+ + 2 2 0 -

Table 5.15 - Risk of poor outcome according to the genetic 
profile of high risk factors. n=number of subjects, OR=odds 

ratio, CI=confidence interval. 

OR (95% C.I.) 

-

1.28 (0.73-2.26) 

1.33 (0.66-2.68) 

0.75 (0.24-2.36) 

1.73 (0.60-5.01) 

2.73 (1.16-6.40) 

0.91 (0.18-4.57) 

3.18(0.19-52.14) 

1.88 (1.13-3.12) 

-

-

1.49 (0.8-2.78) 

-

-

1.36 (0.34-5.54) 

-
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5.5.2.3 Risk of poor outcome at 6-months according to the number of 

'protective' genetic factors possessed 

In a similar manner to the analysis in section 5.5.2.1 the effect of the three protective 

genetic factors identified from the literature can be assessed. The results are shown 

in table 5.16. With increasing number of 'protective' factors possessed then the risk 

of a poor outcome decreases. The effects, though, are non-significant. 

Noof 

protective 

factors 

0 

1 

2 

3 

2 Poor Good X p- OR (95% confidence 
n 

outcome Outcome value interval) 

82 26 56 referent referent 

268 80 188 0.749 0.917 (0.538-1.563) 

240 75 165 0.939 0.979 (0.571-1.679) 

15 3 12 0.362 0.538 (0.140-2.073) 

Table 5.16 - Odds ratio of a poor outcome according to the 
number of protective factors possessed. n=number of subj ects, 

OR=odds ratio. 

5.5.2.4 Risk of poor outcome at 6-months according to the profIle of 'protective' 

genetic factors possessed 

In the same fashion as the 'high risk' genetic factors (see section 5.5.2.2) the 

'protective' factors can be categorised in order to investigate whether the literature 

evidence is correct and these are 'anti' inflammatory factors and which combination 

provides the greatest protection. Results are shown in table 5.17. Alone the SNPs in 

TGFB do not appear to be protective but in combination with the IL6 GGG 

haplotype they become so. When possessed in combination they are also protective. 

None of the combinations exert a significant effect on overall 6-month outcome. 
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Genetic Profile 

-509 T 

-

+ 

-

-

+ 

+ 

-

+ 

-800 A GGG n Poor Good l OR (95% c.1.) 

-

-

+ 

-

+ 

-

+ 

+ 

- 82 26 56 - -

- 71 24 47 0.783 1.10 (0.56-2.16) 

- 21 8 13 0.579 1.32 (0.49-3.59) 

+ 175 47 128 0.422 0.79 (0.45-1.40) 

- 14 3 11 0.439 0.59 (0.12-2.29) 

+ 168 52 116 0.904 0.97 (0.55-1.70) 

+ 58 20 38 0.731 1.13 (0.56-2.31) 

+ 15 3 12 0.362 0.54 (0.14-2.07) 

Table 5.17 - Risk of poor outcome according to the genetic 
profile of protective factors. n=number of subjects, OR=odds 

ratio, CI=confidence interval. 

5.6 Discussion 

Binary logistic regression has been useful in defining the potential genetic 

associations with outcomes after TBI in this cohort and set of SNPs. In the initial 

analysis of dichotomised overall outcome, measured using the GOS, three of our 

eleven SNPs were identified as likely candidates to show an association (TNF A -

308, TGFB -800 & ILIA -889), although none were significant at the 0.05 level. In 

the further analysis, controlling for other variables known to influence outcome after 

head injury, the effect of TNF A -308 became more significant (p=0.009), and the 

other two SNPs appear to not truly influence outcome. As already discussed the 

TNF A -308 association would seem a biologically plausible effect as the A allele has 

been previously associated with increased levels of TNFex (Kroeger et at., 1997; 

Wilson et at., 1997), is associated with a number of disease conditions (see section 

1. 9.1) and TNF ex is generally considered to have pro-inflammatory effects (see 

Section 1.9.1). However the role of TNFa in inflammation, and especially 

neuroinflammation, is still not clearly defined, as it probably has a role in both the 

promotion and resolution of inflammation. The association between the TNFA -308 

SNP and six-month outcome after TBI has not previously been demonstrated, 

although recent studies have implicated TNF A -308 SNP as having a role in other 
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neurodegenerative conditions, such as detennining age of onset in Alzheimer's 

disease (Lio et al., 2006) and also the risk of lacunar infarction within the brain 

(Harcos et al., 2006). It must be remembered that studies of the TNF A gene should 

be interpreted with care. The gene sits within the MHC cluster on chromosome 6, 

and is closely related to the lymphotoxin-a and -~ genes (LTA & LTB). The 

probability is that TNF A SNPs fonn part of a haplotype that stretches across these 

closely related genes, and therefore it is difficult to subscribe an apparent association 

to a single causative SNP within this region (see Ruuls & Sedgwick, 1999, for a 

fuller discussion of the interactions ofTNF with other elements of the MHC cluster). 

Further genetic studies would be required to identify haplotype associations within 

this extended region to delineate the role of other SNPs within these closely related 

genes. 

A recent study (Uzan et al., 2005) identified a possible association between the -511 

and +3953 SNPs within the IL-1~ gene and outcome after head injury. The study 

was small, with 69 patients admitted to a neurosurgical unit after TBI included. 

Fourteen out of twenty-five patients (56%) with the +3953 T allele had a poor 

outcome compared with only eight out of forty four (18.1 %) in those patients who 

did not possess the T allele (p=0.0004). Twenty out of twenty eight patients (71.4%) 

with the -511 T allele had a poor outcome compared with two out of forty one (4.8%) 

without the rarer allele (p=0.005). These findings have not been confinned in our 

study. None of the ILl SNPs studied in this cohort showed an association with 

overall outcome at six-months. This does confinn the negative association between 

the IL-1 -889 SNP and overall six-month outcome identified in a small study by 

Tanriverdi et al. (2006). This study was perfonned by the same group that 

perfonned the IL1{3 study described above (Uzan et al., 2005). 71 patients admitted 

to a neurosurgical unit after TBI were studied. Although those patients who 

possessed the ILIA -889 T allele were more likely to have a poor outcome (eighteen 

out of forty (45%)) compared to those without (seven out of thirty one (22.5%)) the 

association did nor reach statistical significance (p=0.08). 

Microdialysis studies have suggested that IL-6 may have a neuroprotective effect 

after severe TBI (Singhal et al., 2002; Winter et at., 2004), although the single 
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previous study of the influence of IL-6 SNPs on outcome after TBI did not identify 

any association (Minambres et ai., 2003). The current study has confirmed the 

finding of no association between the three IL-6 SNPs investigated and six-month 

outcome after TBl. 

A very limited haplotype for the TNF A gene can be constructed from the two SNPs 

studied in this cohort. The GA haplotype was identified as having a likely 

association in the initial analysis (see table 5.3). This finding is confirmed in the 

regression analysis. As discussed in section 5.3.3 this may not be a true haplotype 

effect, but the manifestation of an allele effect at the -308 SNP. The two haplotypes 

in the ILl gene cluster identified in the initial analysis as having a potential effect do 

not have a significant influence on outcome in the regression analysis. The ecce 
haplotype (p=0.051) is almost significant, but the haplotype is rare within the cohort 

and the result would require further investigation in a larger cohort in order to 

increase the number of patients possessing the ecce haplotype. 

Using the clinical data available in this cohort it is possible to study other more 

specific outcome measures that may be related to the process of neuroinflarnmation, 

and therefore possibly associated with SNPs within the cytokine genes. After TBI 

seizures may be provoked by the initial damage to the brain parenchyma at the time 

of the injury. However brain inflammation and swelling may lower the threshold for 

seizures in the acute phase after injury. Raised intracranial pressure after TBI may 

be related to an intracranial mass lesion but also results from the cerebral oedema 

and swelling which occurs as part of the neuroinflammatory response after TBl. The 

response to sepsis occurring after TBI may also be influenced by cytokine gene 

polymorphisms (Gordon et al., 2004; Arcaroli et al., 2005; Watanabe et al., 2005). 

The IL-1A -889 polymorphism is the only SNP which appears to be associated with 

seizure occurrence after TBI, and this result is of borderline significance. Seizures 

after TBI are relatively common (Frey, 2003) but to date only one study has 

investigated the possible genetic risk factors for post traumatic epilepsy (Diaz­

Arrastia et al., 2003) The finding of a putative association with the -889 SNP will 

need further investigation before it could conclusively be felt to be a risk factor for 

posttraumatic seizures. 
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The -889 also has an association with significantly raised ICP after TBl. There also 

appears to be a role for the +3953 SNP in ILIB. The associations between cytokine 

SNPs and raised ICP after TBI have not previously been investigated. One may 

speculate that patients who have significantly raised ICPs during their inpatient 

treatment would be more likely to sustain brain damage, and thus have poorer 

outcomes. Neither of the SNPs identified here have a significant association with 

outcome so this may not be correct. The TTCT haplotype also shows a positive 

association, although this is a rare haplotype and it contains both the -889 and +3953 

alleles that have been individually identified, so may not be a true haplotype effect. 

A SNP in the ILl gene cluster is again identified as having a positive association in 

the analysis of severe infection occurring after TBI, although this time at the ILIB -

31 position. No haplotype association are identified. Although the importance of 

cytokines (notably TNFa and IL6) in determining the response to sepsis is well 

known (Gordon et at., 2004; Arcaroli et at., 2005; Watanabe et al., 2005) the 

association between this particular SNP and sepsis post-TBI has not been previously 

elucidated. 

In order to try to assess the importance of interaction between genes, rather than 

simply within genes, 'inflammatory profiles' were created. These profiles were 

based upon whether the specific SNP or haplotype would exert a 'pro' or 'anti' 

inflammatory action during the process of inflammation. The profiles were created 

on the basis of perceived action of the specific cytokine and whether the SNP or 

haplotype increased or decreased expression. Much of this information is not yet 

definitively known so this model is somewhat theoretical. The interaction between 

the genetic factors can then be assessed, in a similar manner to the analysis 

perfonned by Flex et al. (2004) in their study of ischemic stroke. Four 'pro'­

inflammatory factors were identified from the available evidence. The analysis 

confirms that three of the factors do promote neurotoxicity (or at least predispose to a 

poorer outcome at 6-months). However the rarer T allele at the +3953 position in 

IL 1 B has the reverse effect to that expected. When the factors are looked at in 

combination the picture becomes less clear. The TNF A -308 A allele is associated 

with poor outcome (significantly so in the whole cohort) but this effect is reversed if 
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-308 A is inherited together with +3953 T. This suggests the +3953 T allele has a 

more protective effect than -308 A has damaging. When +3953 T is held together 

with -889 T there is a combined effect, increasing the neurotoxicity of the -889 T 

allele. Of the protective factors the -509 T and -800 A alleles did not show the 

expected result when looked at individually (both in this analysis and the analysis of 

the complete cohort), however when combined together there was a large swing to a 

protective effect. This T A haplotype is uncommon and was not analysed in the full 

cohort. The GGG haplotype in IL6 is the most common haplotype in this cohort. 

This analysis therefore confirms that generally the IL6 cytokine acts as a 

neuroprotective factor, although its effect may be relatively weak and is easily 

'drowned out' by other neurotoxic factors. 

When interpreting these results I have not so far included a correction for the effect 

of multiple testing. It is vital to consider these important effects, and interpret the 

results bearing this in mind. The reasons for not including a Bonferroni correction 

within the results is covered in detail in Pemeger's review (1998). The main aim of 

correcting for multiple testing is to avoid Type I errors (false positives). This occurs 

because a significant difference will be observed simply through chance in 1 in 20 

tests if a p-value of 0.05 is used. Therefore the more comparisons that are made the 

higher the chance of observing a false positive. The Bonferroni correction is used to 

reduce this possibility. In the case of this study each of the eleven SNPs were not 

selected randomly but on the basis that each was likely, based upon biological 

activity, to have a potential effect on outcome after TBI. Thus a hypothesis could be 

set for each individual SNP. It was not practicable or sensible to perform the study 

on each SNP independently, so they were investigated as part of a single study. Any 

associations identified within the context of this study will have to remain 

preliminary. In order to confirm the associations further studies will be required in 

other popUlations. The possibility that I have identified a false positive result 

remams. 

In summary, of the eleven SNPs identified for investigation in this study only one 

(308 G/A in TNFA) has been identified as having a significant association with 

outcome at 6-months after TBI. There may also be a haplotype association within 

the TNF A gene, but this may be a reflection of the allele effect. SNPs within the IL 1 
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gene cluster are potentially important in determining the risk of inflammation-related 

complications, such as raised ICP, seizures and severe infection, after TBI. This is 

possible related to the important role ILl plays in controlling the neuroinflamrnatory 

reaction. There are important interactions between genes, which also influence 

outcome. As expected the influence of genetic polymorphisms on outcome at 6-

months is small but still important. In order to confirm these results, and to ensure 

they are not false positives, the findings will need to be replicated in other cohorts. 

Within the clinical data collected from the 'long-term' outcome group (see section 

1.8.2) there is a record of the GOS at 6-months. It may therefore be possible to use 

this second cohort to confirm the findings identified in the 6-month follow-up 

patients. This will be demonstrated in Chapter 6. 
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Chapter 6 

'Long-term' outcome after TBI 



6.1 Introduction 

Within my second cohort of patients I will be able to detect associations between the 

cytokine SNPs under study and outcome after TBI a number of years after the insult. 

This 'long-term' follow-up group is described in section 1.8.2. These patients were 

re-contacted some years after their injury and were assessed according to a number 

of outcome measures (see Millar et al., 2003). They are an ideal cohort in which to 

study outcome after TBI in the much longer term (i.e. years as opposed to months). 

They are an entirely separate cohort from the '6-month' follow-up group described in 

Chapter 5. Utilising this cohort it will be possible to investigate associations 

between any of the eleven chosen cytokine SNPs and 'long-term' outcome after TBI, 

and also to assess the effect on improvement or decline in function between 6-

months post injury and the time of re-assessment some years after injury. 

Outcome data (in the form of GOS measurements) at 6-months post TBI is available 

for the 'long-term' follow-up cohort. Using this second cohort it may be possible to 

confirm the findings of the '6-month' follow-up cohort, shown in Chapter 5. 

However it must be considered that the 'long-term' follow-up group were highly 

selected and are not directly analogous to the '6-month' follow-up cohort. In order 

to be eligible for entry into the 'long-term' follow up cohort it was necessary to have 

survived for at least 6-months after the TBI. Therefore those with the poorest six­

month outcome were excluded. In addition 65% of those patients who were alive 

after 6-months had either died or were unable to be assessed at the time of further 

follow-up (Millar et ai., 2003). The two cohorts are not directly comparable, but 

useful secondary information may be obtained by searching for associations with 6-

month outcome in the 'long-term' follow-up group. 
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6.2 General Methods 

The collection and initial analysis of the genotyping data has been covered in the 

preceding chapters, and allele frequencies can be seen in section 4.5. Examples of 

the clinical data are shown in Section 1.8. 

Databases were constructed usmg Microsoft Excel. Statistical analyses were 

performed using SPSS 14.0 for Windows. Binary logistic regression was performed 

using dichotomised GOS as the outcome measure. Age, categorised GCS at time of 

injury (mild, moderate & severe) and possession of the apolipoprotein E E4 allele 

were entered as covariates. 

Haplotype estimation was performed usmg SNP Analyzer (Y 00 et at., 2005), 

available at http://www.istech.infolistechlboard/login_form.jsp. 

6.3 Results 

In a similar manner to the prospective cohort the potential association between 

genotype, allele or haplotype has been investigated. The results for long-term 

outcome are shown first, and then the influence on change in functional level, then 

the results at 6-months, to correlate with the results from the previous chapter. 

6.3.1 Association with 'long term' outcome 

Patients were reassessed a mean of 18 years after their initial TBI (see section 1.8.2). 

Overall clinical outcome was assessed on the extended 8-point GOS, and this was 

dichotomised by including categories 1-4 in the poor outcome group and 5-8 in the 

good outcome group. 
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GENOTYPE OUTCOME p-value GENOTYPE OUTCOME p-value 
unfavourable favourable Total unfavourable favourable Total 

TNF 238 TGF 509 
GG 108 (85.0%) 245 (88.8%) 353 0.31 CC 49 (46.2%) 104 (48.4%) 153 0.57 
GA 17(13.4%) 30 (10.9%) 47 CT 46 (43.4%) 82 (38.1 %) 128 
AA 2 (l.6%) 1 (0.3%) 3 TT 11 (10.4%) 29 (13.5%) 40 

Total 127 (100%) 276 (100%) 403 Total 106 (100%) 215 (100%) 321 

TNF 308 TGF 800 
GG 70 (57.9%) 183 (69.3%) 253 0.08 GG 96 (82.8%) 223 (88.1 %) 319 0.37 
GA 43 (35.5%) 71 (26.9%) 114 GA 18 (15.5%) 27 (10.7%) 45 
AA 8 (6.6%) 10 (3.8%) 18 AA 2 (l.7%) 3 (1.2%) 5 

Total 121 (100%) 264 (100%) 385 Total 116 (100%) 253 (100%) 369 

IL1889 IL6174 
CC 62 (48.8%) 135 (50.0%) 197 0.91 GG 28 (3l.1%) 79(40.1%) 107 0.34 
CT 54 (42.5%) 115 (42.6%) 169 GC 44 (48.9%) 83 (42.1 %) 127 
TT 11 (8.7%) 20 (7.4%) 31 CC 18 (20.0%) 35 (17.8%) 53 

Total 127 (100%) 270 (100%) 397 Total 90 (100%) 197 (100%) 287 

IL131 IL6572 
CC 19 (16.5%) 38 (15.7%) 57 0.90 GG 70 (58.8%) 172 (67.5%) 242 0.16 
CT 47 (40.9%) 105 (43.4%) 152 GC 47 (39.5%) 76 (29.8%) 123 
TT 49 (42.6%) 99 (40.9%) 148 CC 2 (l.7%) 7 (2.7%) 9 

Total 115 (100%) 242 (100%) 357 Total 119 (100%) 255 (100%) 374 

IL1511 IL6597 
CC 57 (47.1%) 109 (4l.3%) 166 0.52 GG 46 (37.1 %) 109 (4l.7%) 155 0.45 
TC 46 (38.0%) 107 (40.5%) 153 GA 58 (46.8%) 121 (46.4%) 179 
TT 18 (14.9%) 48 (18.2%) 66 AA 20 (16.1 %) 31 (1l.9%) 51 

Total 121 (100%) 264 (100%) 385 Total 124 (100%) 261 (100%) 385 

IL13953 
CC 73 (59.3(Yo) 171 (63.1%) 244 0.30 
CT 46 (37.4°;;)) 84 (31.0%) 130 
TT 4 (3.3(1<)) 16 (5.9%) 20 

Total 123 (100%) 271 (100%) 394 
. --
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Table 6.1 (previous page) - Genotype association with long 
term dichotomised outcome. p-value assessed by X2 test. 

6.3.1.1 SNPtype association with dichotomised long term outcome 

Results are shown in Table 6.1. Although none of the results in this initial analysis 

reach significance it is interesting to note that again the TNFA -308 polymorphism 

trends towards an association with outcome, again with the A allele appearing to 

promote a poor outcome (p=0.08). 

6.3.1.2 Allele association with dichotomised long term outcome 

When possession of the rarer allele at each of the SNP positions is examined (Table 

6.2) it can be seen that the -308 polymorphism in TNF A does show an association 

with outcome, as expected from the analysis in section 6.3.2.2. To confirm that this 

is an effect of the allele logistic regression analysis shall again be performed in the 

next section. No significant associations are identified among the other SNPs. 

Table 6.2 (following page) - Allele association with long term 
dichotomised outcome. OR=odds ratio, CI=95% confidence 

interval. 
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Allele Outcome OR c.1. 
poor good 

ILIA -889 
T negative 62 135 197 
T positive 65 135 200 0.954 0.626-1.454 

127 270 397 
ILIB -31 
C negative 49 99 148 
C positive 66 143 209 1.072 0.684-1.681 

115 242 357 
ILIB -511 
T negative 57 109 166 
T positive 64 155 219 1.266 0.821-1.953 

121 264 385 
ILIB +3953 
T negative 73 171 244 
T positive 50 100 150 0.854 0.552-1.321 

123 271 394 
IL6 -174 
C negative 28 79 107 
C positive 62 118 180 0.675 0.397-1.145 

90 197 287 
IL6 -572 
C negative 70 172 242 
C positive 49 83 132 0.689 0.440-1.080 

119 255 374 
IL6 -597 
A negative 46 109 155 
A positive 78 152 230 0.822 0.530-1.276 

124 261 385 
TGFB -509 
T negative 49 104 153 
T positive 57 111 168 0.918 0.576-1.462 

106 215 321 
TGFB -800 
A negative 96 223 319 
A positive 20 30 50 0.646 0.349-1.194 

116 253 369 
TNFA -238 
A negative 108 245 353 
A positive 19 31 50 0.719 0.389-1.329 

127 276 403 
TNFA -308 
A negative 70 183 253 
A positive 51 81 132 0.608 0.389-0.949 

121 264 385 
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6.3.1.3 Allele association with dichotomised long outcome assessed by binary 

logistic regression 

Table 6.3 shows that the TNFA -308 polymorphism is associated with long term 

outcome after TBI, with possession of the A allele being a risk factor for poor 

outcome (p=0.018). None of the other SNPs shows a statistically significant effect. 

SNP n Odds Ratio c.1. p-value 

IL1a-889 336 0.984 0.602 - 1.610 0.950 

IL1{3-31 301 1.024 0.603 - 1.738 0.931 

IL1{3-511 323 0.831 0.500 - 1.379 0.473 

IL1{3 +3953 332 1.261 0.756 - 2.103 0.374 

IL6 -174 245 1.413 0.774 - 2.583 0.260 

IL6 -572 315 1.461 0.864 - 2.470 0.157 

IL6 -597 323 1.528 0.908 - 2.573 0.111 

TGF{3 -509 272 1.237 0.723 - 2.118 0.438 

TGF{3 -800 312 1.566 0.742 - 3.306 0.240 

TNFa-238 341 1.325 0.653 - 2.689 0.436 

TNFa-308 326 1.877 1.116 - 3.155 0.018 

Table 6.3 - Odds ratio of achieving a good outcome if you do not possess the rare allele at each of 
the given SNP positions. 

n=number of patients considered for the regression analysis, due to missing genetic or clinical data. 
C.1. = 95% confidence intervals 
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6.3.1.4 Haplotype association with dichotomised long term outcome 

As perfonned previously for both the prospective cohort and the retrospective cohort 

it is important to examine for SNP interactions within genes. Haplotypes will be 

examined for a potential association with dichotomised long tenn outcome. Results 

are demonstrated in table 6.4 and 6.5 (logistic regression analysis). 

Haplotype Outcome p-value OR CI 
poor good 

ILl 

eTee negative 61 144 205 
eTee positive 71 141 212 0.412 0.841 0.556-1.272 

132 285 417 

eeTe negative 70 140 210 
eeTe positive 62 145 207 0.458 1.169 0.774-1.768 

132 285 417 

TTeT negative 91 208 299 
TTeT positive 41 77 118 0.394 0.822 0.523-1.291 

132 285 417 

TTee negative 113 243 356 
TTee positive 19 42 61 0.927 1.028 0.572-1.847 

132 285 417 

IL6 

GGG negative 42 87 129 
GGG positive 90 198 288 0.791 1.062 0.681-1.657 

132 285 417 

eGA negative 79 174 253 
eGA positive 53 111 164 0.815 0.951 0.624-1.450 

132 285 417 

eGG negative 107 226 333 
eGG positive 25 59 84 0.676 1.117 0.663-1.882 

132 285 417 

eeA negative 92 221 313 
eeA positive 40 64 104 0.085 0.666 0.419-1.059 

132 285 417 
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Haplotype 

TNFA 

GG negative 
GG positive 

GA negative 
GA positive 

AG negative 
AG positive 

TGFB 

CG negative 
CG positive 

TG negative 
TG positive 

CA negative 
CA positive 

Outcome p-value OR 
poor good 

11 18 29 
121 267 388 0.451 1.348 
132 285 417 

78 197 275 
54 88 142 0.044 0.645 
132 285 417 

113 255 368 
19 30 49 0.254 0.700 

132 285 417 

23 67 90 
109 218 327 0.160 0.687 
132 285 417 

66 135 201 
66 150 216 0.617 1.111 
132 285 417 

110 251 361 
22 34 56 0.187 0.677 
132 285 417 

Table 6.4 - Haplotype association with dichotomised long term 
outcome. Patients were assessed as to whether they possessed the 

haplotype or not and this was compared to outcome. p-value 
calculated using X2 test, OR=odds ratio, CI=95% confidence 

interval 

CI 

0.618-2.942 

0.420-0.990 

0.378-1.295 

0.406-1.162 

0.735-1.679 

0.379-1.211 
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Haplotype n Odds Ratio C.1. p-value 

ILl 

CTCC 353 1.303 0.805 - 2.109 0.281 

CCTC 353 0.866 0.536 - 1.397 0.555 

TTCT 353 1.191 0.696 - 2.037 0.523 

TTCC 353 0.914 0.470 - 1.777 0.791 

TGFB 

CG 353 1.345 0.724 - 2.496 0.348 

TG 353 1.196 0.737 - 1.941 0.468 

CA 353 1.546 0.772 - 3.095 0.218 

IL6 

GGG 353 0.945 0.564 - 1.582 0.829 

CGA 353 1.120 0.689 - 1.820 0.649 

CGG 353 0.698 0.371 - 1.313 0.698 

CCA 353 1.634 0.953 - 2.800 0.074 

TNFA 

GG 353 0.553 0.222 - 1.378 0.204 

GA 353 1.806 1.095 - 2.978 0.021 

AG 353 1.370 0.678 - 2.768 0.381 

Table 6.5 - Logistic regression analysis of haplotype association with long term 
outcome. CI= 95% confidence interval. 

As found in the analysis of 6-month outcome in the prospective cohort there is a 

significant association between the TNF A GA haplotype and long term outcome. 

However, for the same reasons as already outlined, this is more likely to represent an 

allele effect rather than a haplotype effect as it has also been shown that the A allele 

at the -308 position is associated with poorer outcome. The CCA haplotype in IL6 

approaches significance in the regression analysis but not in the standard analysis. 
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6.3.2 Association with change in dichotomised outcome from 6-months to long 

term 

In addition to searching for associations between the cytokine SNPs and outcome at 

two specific time points (6-months or 'long term') it may be hypothesised that the 

SNPs may be important determinants of an ongoing inflammatory reaction that may 

influence a decline (or improvement) in overall function between these time points. 

In the next set of results this possibility is explored. In order to do this the overall 

outcome of each patient, measured by GOS category, was compared between the two 

time points. Any change in category, either decline or improvement, was noted. 

6.3.2.1 SNPtype association with change in GOS category 

Table 6.6 shows the genotype associations with change in outcome. In this analysis 

none of the SNPs shows a significant association with change in overall outcome. 

Table 6.6 (following page) - Genotype association with 
change in dichotomised outcome. p-value assessed by l test. 
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GENOTYPE OUTCOME p-value GENOTYPE OUTCOME p-value 
improvement none decline improvement none decline 

TNF 238 TGF 509 
GG 58 190 105 353 0.20 CC 20 88 45 153 0.51 
GA 3 30 14 47 CT 18 73 37 128 
AA 0 3 0 3 TT 8 17 15 40 

61 223 119 403 46 178 97 321 

TNF 308 TGF 800 
GG 40 142 71 253 0.67 GG 47 180 92 319 0.34 
GA 16 61 37 114 GA 6 21 18 45 
AA 1 10 7 18 AA 1 4 0 5 

57 213 115 385 54 205 110 369 

IL1889 IL6174 
CC 36 110 51 197 0.22 GG 12 67 28 107 0.38 
CT 19 92 58 169 GC 23 65 39 127 
TT 4 19 8 31 CC 6 32 15 53 

59 221 117 397 41 164 82 287 

IL131 IL6572 
CC 10 33 14 57 0.57 GG 33 134 75 242 0.23 
CT 25 86 41 152 GC 24 70 29 123 
TT 17 83 48 148 CC 0 5 4 9 

52 202 103 357 57 209 108 374 

IL1511 IL6597 
CC 17 95 54 166 0.16 GG 19 94 42 155 0.42 
TC 27 82 44 153 GA 32 92 55 179 
TT 13 39 14 66 AA 6 29 16 51 

57 216 112 385 57 215 113 385 

IL13953 
CC 43 133 68 244 0.16 
CT 14 73 43 130 
TT 2 15 3 20 

59 221 114 394 
---
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6.3.2.2 Allele association with change in GOS category 

Although no significant association was identified in the assessment of genotype 

effect allele association analysis has also been performed. As can be seen in Table 

6.7 the rarer alleles at two of the SNP positions in the ILl gene cluster approach 

significance (ILIA -889, p=O.09, and IL1B -511, p=O.07). 

Binary logistic regression has also been performed. In order to do this the patients 

were categorised into those who had declined in function from 6-months to long term 

and those who had improved or remained static were treated as the second category 

(Table 6.8). The analysis was then repeated but this time including those patients 

who had improved in function in one group and those who had remained static or 

declined in function in another (Table 6.9). 

Table 6.7 (following page) - Allele association with change in 
. dichotomised outcome. p-value assessed by X2 test. 
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Allele Outcome p-value 
improvement none decline 

ILIA -889 
T negative 36 110 51 197 
T positive 23 111 66 200 0.092 

59 221 117 397 
ILIB -31 
C negative 17 83 48 148 
C positive 35 119 55 209 0.249 

52 202 103 357 
ILIB -511 
T negative 17 95 54 166 
T positive 40 121 58 219 0.069 

57 216 112 385 
ILIB +3953 
T negative 43 133 68 244 
T positive 16 88 46 150 0.170 

59 221 114 394 
IL6 -174 I 

C negative 12 67 28 107 
C positive 29 97 54 180 0.306 

41 164 82 287 
IL6 -572 
C negative 33 134 75 242 
C positive 24 75 33 132 0.324 

57 209 108 374 
IL6 -597 
A negative 19 94 42 155 
A positive 38 121 71 230 0.265 

57 215 113 385 
TGFB -509 
T negative 20 88 45 153 
T positive 26 90 52 168 0.737 

46 178 97 321 
TGFB -800 
A negative 47 180 92 319 
A positive 7 25 18 50 0.583 

54 205 110 
TNFA -238 
A negative 58 190 105 353 
A positive 3 33 14 50 0.113 

61 223 119 403 
TN FA -308 
A negative 40 142 71 253 
A positive 17 71 44 132 0.498 

57 213 115 385 
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SNP n Odds Ratio c.1. p-value 

ILIA -889 336 0.636 0.394 - 1.028 

ILIB -31 301 1.193 0.718 - l.984 

ILIB -511 323 1.217 0.747 - 1.982 

ILIB +3953 332 0.822 0.502 - l.347 

IL6 -174 245 0.820 0.459 - 1.465 

IL6 -572 315 1.320 0.784 - 2.224 

IL6 -597 323 0.689 0.416 -l.141 

TGFB -509 272 0.958 0.563 - 1.630 

TGFB -800 312 0.538 0.271 - l.066 

TNFA -238 341 1.175 0.574 - 2.405 

TNFA -308 326 0.819 0.497 - 1.348 

Table 6.8 - Logistic regression analysis of allele association with decline in 
outcome from 6-months to long term. CI= 95% confidence interval. 

0.064 

0.495 

0.430 

0.438 

0.502 

0.296 

0.148 

0.874 

0.075 

0.659 

0.432 
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SNP n Odds Ratio C.I. p-value 

ILIA -889 336 1.986 1.044 - 3.778 0.037 

ILIB -31 301 0.868 0.442 - 1.705 0.681 

ILIB -511 323 0.636 0.326 - 1.240 0.184 

ILIB +3953 332 2.419 1.151 - 5.085 0.020 

IL6 -174 245 0.665 0.299 - 1.482 0.318 

IL6 -572 315 0.752 0.394 - 1.434 0.386 

IL6 -597 323 0.733 0.375 - 1.433 0.365 

TGFB -509 272 0.690 0.339 - 1.407 0.308 

TGFB -800 312 1.603 0.539 - 4.772 0.396 

TNFA -238 341 8.032 1.076 - 59.946 0.042 

TNFA -308 326 1.155 0.586 - 2.277 0.678 

Table 6.9 - Logistic regression analysis of allele association with improvement 
in outcome from 6-months to long term. CI= 95% confidence interval. 
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6.3.2.3 Haplotype association with change in GOS category 

The TTCT haplotype in the ILl gene cluster shows a significant (p=0.01) association 

with change in outcome, with TTCT possessors being less likely to show any 

improvement (Table 6.10). 

Haplotype Outcome p-value 
improvement none decline 

ILl 

CTCC negative 31 117 57 205 
CTCC positive 31 113 68 212 0.631 

62 230 125 417 

CCTC negative 25 114 71 210 
CCTC positive 37 116 54 207 0.099 

62 230 125 417 

TTCT negative 54 160 85 299 
TTCT positive 8 70 40 118 0.014 

62 230 125 417 

TTCC negative 53 200 103 356 
TTCC positive 9 30 22 61 0.510 

62 230 125 417 

IL6 

GGG negative 18 75 36 129 
GGG positive 44 155 89 288 0.714 

62 230 125 417 

CGA negative 35 147 71 253 
CGA positive 27 83 54 164 0.323 

62 230 125 417 

CGG negative 50 180 103 333 
CGG positive 12 50 22 84 0.641 

62 230 125 417 

CCA negative 45 171 97 313 
CCA positive 17 59 28 104 0.706 

62 230 125 417 
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Haplotype 

TN FA 

GG negative 
GG positive 

GA negative 
GA positive 

AG negative 
AG positive 

TGFB 

CG negative 
CG positive 

TG negative 
TG positive 

CA negative 
CA positive 

Outcome 
improvement none decline 

2 16 11 29 
60 214 114 388 
62 230 125 417 

43 156 76 275 
19 74 49 142 
62 230 125 417 

59 199 110 368 
3 31 15 49 
62 230 125 417 

19 43 28 90 
43 187 97 327 
62 230 125 417 

27 115 59 201 
35 115 66 216 
62 230 125 417 

55 199 107 361 
7 31 18 56 
62 230 125 417 

Table 6.10 - Haplotype association with change in outcome. 
Patients were assessed as to whether they possessed the haplotype 

or not and this was compared to change in outcome. p-value 
calculated using l test. 

p-value 

0.370 

0.340 

0.172 

0.123 

0.642 

0.841 

In a similar manner to the allele analysis binary logistic regression can be used to 

assess any haplotype association if the subjects are assessed according to either 

decline or improvement in outcome scores between 6-months and long term. Results 

when looking for an association with decline in function are shown in Table 6.11 and 
( 

for improvement in function in Table 6.12. 
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Haplotype n Odds Ratio c.1. p-value 

ILl 

eTee 353 0.938 0.593 - 1.482 0.782 

eeTe 353 1.417 0.894 - 2.244 0.138 

TTeT 353 0.776 0.469 - 1.284 0.324 

TTee 353 0.650 0.355 -1.191 0.163 

TGFB 

eG 353 1.017 0.576 - 1.793 0.955 

TG 353 0.961 0.607 - 1.523 0.866 

eA 353 0.645 0.338 - 1.232 0.185 

IL6 

GGG 353 0.990 0.602 - 1.628 0.967 

eGA 353 0.725 0.457 - 1.153 0.174 

eGG 353 1.633 0.869 - 3.069 0.128 

eeA 353 1.181 0.689 - 2.025 0.545 

TNFA 

GG 353 1.319 0.534 - 3.260 0.549 

GA 353 0.739 0.459 - 1.189 0.213 

AG 353 1.070 0.532 - 2.151 0.849 

Table 6.11 - Logistic regression analysis of haplotype association with decline in 
outcome from 6-months to long term. CI= 95% confidence interval. 
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Haplotype n Odds Ratio C.I. p-value 

ILl 

eTee 

eeTe 

TTeT 

TTee 

TGFB 

eG 

TG 

eA 

IL6 

GGG 

eGA 

eGG 

eeA 

TNFA 

GG 

GA 

AG 

353 0.914 0.500 - 1.670 

353 0.735 0.401 - 1.347 

353 3.229 1.325 - 7.870 

353 0.919 0.403 - 2.096 

353 1.388 0.689 - 2.793 

353 0.815 0.443 - 1.498 

353 1.897 0.644 - 5.590 

353 0.861 0.441 - 1. 682 

353 0.792 0.432 - 1.453 

353 1.059 0.485 - 2.312 

353 0.851 0.430 - 1.686 

353 0.280 0.037 -2.131 

353 1.087 0.572 - 2.066 

353 7.887 1.059 - 58.764 

Table 6.12 - Logistic regression analysis of haplotype association with 
improvement in outcome from 6-months to long term. CI= 95% confidence 

interval. 

0.769 

0.319 

0.010 

0.840 

0.359 

0.510 

0.245 

0.661 

0.792 

0.885 

0.643 

0.219 

0.798 

0.044 

The association between the TTeT haplotype in the ILl gene cluster shown in Table 

6.10 is confirmed in the regression analysis, with TTeT possessors significantly less 

likely to show an improvement (p=0.0 1, Table 6.12). A similar effect for possessors 

of the AG haplotype in TNF A may also be present (p=0.04). No significant 

associations were identified when comparing those who had declined in function 

with those that were unchanged or improved (Table 6.11). 
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6.3.3 Association with 6-month outcome 

6.3.3.1 SNPtype association with dichotomised 6-month outcome 

Results are shown in Table 6.13. Within this smaller cohort the -889 SNP in ILIA 

reaches significance at the 0.05 level, but none of the other SNPs show an 

association. Importantly it appears that the finding of a significant association 

between TNF A -308 and six month outcome is not being replicated. However 

further analysis in the form of allele and regression analysis is required. 

Table 6.13 (following page) - SNP genotype vs. dichotomised 6-month 
outcome in the retrospective group. p-values measured using l test. 
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GENOTYPE OUTCOME p-value GENOTYPE OUTCOME p-value 
unfavourable favourable unfavourable favourable 

TNF 238 TGF 509 
GG 90 271 361 0.21 CC 37 118 155 0.65 
GA 14 33 47 CT 37 95 132 
AA 2 1 3 TT 9 31 40 

106 305 411 83 244 327 

TNF 308 TGF 800 
GG 59 197 256 0.45 GG 82 240 322 0.51 
GA 34 83 117 GA 9 37 46 
AA 5 13 18 AA 2 3 5 

98 293 391 93 280 373 

IL1889 IL6174 
CC 55 142 197 0.04 GG 25 85 110 0.43 
CT 35 138 173 GC 38 89 127 
TT 13 20 33 CC 13 40 53 

103 300 403 76 214 290 

IL131 IL6572 
CC 15 42 57 0.87 GG 56 189 245 0.06 
CT 39 116 155 GC 43 84 126 
TT 42 109 151 CC 1 8 9 

96 267 363 99 281 380 

IL1511 IL6597 
CC 47 122 169 0.64 GG 39 121 160 0.87 
TC 36 119 155 GA 49 133 182 
TT 17 51 68 AA 13 38 51 

100 292 392 101 292 393 

IL13953 
CC 66 180 246 0.65 
CT 30 103 133 
TT 6 16 22 

102 299 401 
- --- - --
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6.3.3.2 Allele association with dichotomised 6-month outcome 

The finding that the -308 A allele was associated with poor outcome in the 

prospective cohort is not repeated in this cohort (see Table 6.14). No significant 

allele associations are identified within this cohort 

Allele Outcome OR c.1. 
poor good 

ILIA -889 
T negative 55 142 197 
T positive 47 153 200 1.261 0.803-1.980 

102 295 397 
ILlB -31 
C negative 41 107 148 
C positive 54 155 209 1.100 0.684-1.768 

95 262 357 
ILlB -511 
T negative 46 120 166 
T positive 52 167 219 1.231 0.776-1.952 

98 287 385 
ILlB +3953 
T negative 65 179 244 
T positive 35 115 150 l.193 0.743-1.915 

100 294 394 
IL6-174 
C negative 25 82 107 
C positive 51 129 180 0.771 0.444-1.340 

76 211 287 
IL6 -572 
C negative 55 187 242 
C positive 42 90 132 0.630 0.392-1.012 

97 277 374 
IL6 -597 
A negative 37 118 155 
A positive 62 168 230 0.850 0.531-l.360 

99 286 385 
TGFB -509 
T negative 36 117 153 
T positive 45 123 168 0.841 0.507-l.395 

81 240 321 
TGFB -800 
A negative 80 239 319 
A positive 11 39 50 l.187 0.580-2.427 

91 278 369 
TNFA-238 
A negative 88 265 353 
A positive 16 34 50 0.706 0.372-l.340 

104 299 403 
TNFA-308 
A negative 59 194 253 
A positive 37 95 132 0.781 0.484-1.260 

96 289 385 
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Table 6.14 (previous page) - Allele association with 6-month 
dichotomised outcome. OR=odds ratio, CI=95% confidence 

interval. 

6.3.3.3 Allele association with dichotomised 6-month outcome assessed by 

binary logistic regression 

As expected from the results of the initial analysis of the allele effects none of the 

SNPs demonstrates a significant association with outcome from TBI at 6-months in 

the logistic regression analysis (see Table 6.15). The findings in the prospective 

cohort have not been confirmed. 

SNP n Odds Ratio C.I. p-value 

ILla-889 341 0.672 0.406 - 1.113 0.123 

ILl{3 -31 306 0.997 0.585 - 1.698 0.990 

ILl{3 -511 328 0.847 0.505 - 1.420 0.528 

ILl{3 +3953 336 0.741 0.443 - 1.266 0.272 

IL6 -174 247 1.337 0.720 - 2.482 0.358 

IL6 -572 319 1.456 0.859 - 2.469 0.163 

IL6 -597 328 1.204 0.713 - 2.034 0.487 

TGF{3 -509 276 1.445 0.827 - 2.528 0.196 

TGF{3 -800 314 0.676 0.296 - 1.544 0.353 

TNFa-238 346 1.470 0.728 - 2.968 0.283 

TNFa-308 330 1.282 0.753 -2.184 0.361 

Table 6.15 - Odds ratio of achieving a good outcome if you do not possess the rare allele at each of 
the given SNP positions. 

n=number of patients considered for the regression analysis, due to missing genetic or clinical data. 
c.r. = 95% confidence intervals 
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6.3.3.4 Haplotype association with dichotomised 6-month outcome 

Although no significant associations between individual SNPs and outcome at 6-

months have been identified it is important to assess for haplotype effects, as 

previously discussed. The haplotype frequencies in the retrospective cohort are 

similar to those in the prospective cohort and shown in Table 6.16, for comparison. 

TNFO! 

ILl 

Hap FreqR FreqP Hap FreqR 

TGF~ 
GG 74.53% 71.96% CG 59.30% 
GA 19.12% 21.22% TG 31.88% 
AG 5.94% 5.92% CA 6.7% 
AA 0.41% 0.9% TA 2.12% 

IL6 
CTCC 31.49% 30.19% GGG 43.99% 
CCTC 28.12% 22.34% CGA 20.88% 
TTCT 13.84% 11.88% CGG 12.44% 
TTCC 8.89% 5.92% CCA 10.74% 
CTCT 3.46% 3.05% GCG 4.34% 
CCCC 3.15% 6.18% GGA 3.62% 
CTTC 2.08% CCG 2.64% 
TCTT 2.03% 2.17% GCA 1.34% 
TCTC 1.57% 
TTTC 1.21% 1.41% 
TCCC 1.03% 2.72% 
CCTT 1.02% 1.09% 
CCCT 0.79% 1.51% 
TCCT 0.65% 1.83% 
CTTT 0.48% 1.04% 
TTTT 0.21% 1.12% 

Table 6.16 - Estimated haplotype frequencies within the retrospective 
cohort. 

Haplotypes are arranged as follows; TNF A:-238/-308, TGFB: -509/-800, 
ILl: ILlA-889/ILlB -31/-511/+3953, IL6: -174/-572/-597. Hap=haplotype, 

FreqR=frequency in the retrospective cohort, FreqP=frequency in the 
prospective cohort. 

FreqP 

57.05% 
29.73% 
8.99% 
4.24% 

34.32% 
18.58% 
15.63% 
11.95% 
5.53% 
6.62% 
5.31% 
2.24% 

Table 6.17 shows the haplotype associations with outcome at 6-months. As 

previously only those haplotypes with a frequency of at least 5% in the cohort are 

considered. 
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Haplotype Outcome p-value OR 
poor good 

ILl 

eTee negative 52 161 213 
eTee positive 57 155 212 0.559 0.878 

109 316 425 

eeTe negative 58 157 215 
eeTe positive 51 159 210 0.525 1.152 

109 316 425 

TTeT negative 84 218 302 
TTeT positive 25 98 123 0.109 1.510 

109 316 425 

TTee negative 89 273 362 
TTee positive 

IL6 

GGG negative 
GGG positive 

eGA negative 
eGA positive 

eGG negative 
eGG positive 

eeA negative 
eeA positive 

20 43 63 0.230 0.701 
109 316 425 

33 98 131 
76 218 294 0.886 0.966 
109 316 425 

66 195 261 
43 121 164 0.830 0.952 
109 316 425 

88 252 340 
21 64 85 0.824 1.064 
109 316 425 

77 243 320 
32 73 105 0.192 0.723 
109 316 425 

Table 6.17 - Haplotype association with dichotomised 6-month 
outcome. Patients were assessed as to whether they possessed the 

haplotype or not and this was compared to outcome. p-value 
calculated using l test, OR=odds ratio, CI=95% confidence 

interval 

CI 

0.568-1.358 

0.745-1.781 

0.911-2.506 

0.392-1.254 

0.602-1.550 

0.610-1.488 

0.614-1.844 

0.444-1.1 78 
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Haplotype Outcome p-value OR CI 
poor good 

TNFA 

GG negative 8 22 30 
GG positive 101 294 395 0.894 1.059 0.457-2.452 

109 316 425 

GA negative 68 211 279 
GA positive 41 105 146 0.406 0.825 0.525-1.298 

109 316 425 

AG negative 93 283 376 
AG positive 16 33 49 0.232 0.678 0.357-1.287 

109 316 425 

TGFB 

CG negative 22 70 92 
CG positive 87 246 333 0.667 0.889 0.519-1.522 

109 316 425 

TG negative 53 151 204 
TG positive 56 165 221 0.880 1.034 0.669-1.599 

109 316 425 

CA negative 95 272 367 
CA positive 14 44 58 0.777 1.098 0.576-2.093 

109 316 425 

Table 6.17 - cont'd 

No significant haplotype associations with 6-month outcome are identified within the 

retrospective cohort. A logistic regression analysis of the haplotypes in relation to 

dichotomised 6-month outcome was also performed (Table 6.18). A mildly 

significant result is seen for the TTCT haplotype. However this haplotype was not 

identified in the prospective cohort as having an effect, and it only just reaches 

significance at the 0.05 level in this analysis. In keeping with the findings shown in 

Table 6.16 none of the other haplotypes show a significant association. 
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Haplotype n Odds Ratio C.I. p-value 

ILl 

CTCC 358 1.255 0.770 - 2.043 0.362 

CCTC 358 0.918 0.565 - 1.491 0.729 

TTCT 358 0.550 0.306 - 0.990 0.046 

TTCC 358 1.447 0.764 - 2.742 0.257 

TGFB 

CG 358 0.971 0.529 - 1.783 0.924 

TG 358 1.255 0.767 - 2.054 0.366 

CA 358 0.752 0.354 - 1.599 0.459 

IL6 

GGG 358 1.305 0.760 - 2.240 0.334 

CGA 358 1.065 0.649 - 1.746 0.804 

CGG 358 0.922 0.492 - 1.730 0.801 

CCA 358 1.345 0.778 - 2.324 0.289 

TNFA 

GG 358 0.825 0.322 - 2.116 0.689 

GA 358 1.165 0.701 - 1.935 0.555 

AG 358 1.537 0.767 - 3.801 0.226 

Table 6.18 - Logistic regression analysis of haplotype association with 6-month 
outcome. CI= 95% confidence interval. 
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6.4 Inflammatory profiles and change in outcome 

In section 5.5 a model was constructed whereby the influence of 'inflammatory 

profiles' was investigated. There is some evidence linking the cytokine SNPs 

investigated there with long term chronic inflammation after TBI (see Gentleman et 

ai., 2004 for example). One may hypothesize that those patients with a 'neurotoxic' 

inflammatory profile would be more likely to decline in function from 6-months to 

'long tenn', whilst those with a 'neuroprotective' profile would be more likely to 

improve in function. The same model used in section 5.5 has been used to assess this 

hypothesis. 

6.4.1 Risk of decline in outcome from 6-months to long term according to the 

number of 'high risk' genetic factors 

Possession of one or more of the 'risk' SNP or haplotypes increases the risk of 

decline in overall outcome from 6-months to long term. None of the results is 

significant at the 0.05 level (Table 6.19). 

No of high 

risk 

factors 

0 

1 

2 

3 

4 

Decline in 
Improve/no 

2 OR (95% X p-
n change in 

outcome value confidence interval) 
outcome 

101 24 77 referent referent 

114 34 80 0.318 1.364 (0.742-2.507) 

113 38 75 0.112 1.626 (0.891-2.968) 

45 15 30 0.227 1.604 (0.742-3.467) 

2 1 1 0.391 3.208 (0.193-53.262) 

Table 6.19 - Odds ratio.ofa decline in outcome category 
according to the number of high risk factors possessed. 

n=number of subjects, OR=odds ratio. 
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6.4.2 Risk of decline in outcome from 6-months to long term according to the 

profile of 'high risk' genetic factors 

Subjects with one, two or three 'high risk' genetic factors were then classified 

according to their genetic profile and compared with those subjects with none of the 

risk factors (Table 6.20). 

-308 A 

-

+ 

-

-

-

+ 

+ 

+ 

-

-

-

+ 

+ 

+ 

-

+ 

Genetic ProfIle 

No 
-889 T +3953 T GGA n 2 Decl X OR (95% c.1.) 

-

-

+ 

-

-

+ 

-

-

+ 

+ 

-

+ 

+ 

-

+ 

+ 

Decl 

- - 101 24 77 - -

- - 58 19 39 0.219 1.56 (0.76-3.19) 

- - 37 11 26 0.475 1.36 (0.59-3.15) 

+ - 14 3 11 0.847 0.88 (0.23-3.40) 

- + 5 1 4 0.847 0.80 (0.09-7.52) 

- - 24 11 13 0.030 2.71 (1.08-6.84) 

+ - 5 1 4 0.847 0.88 (0.23-3.40) 

- + 1 0 1 - -

+ - 79 24 55 0.319 1.40 (0.72-2.72) 

- + 2 1 1 0.391 3.21 (0.19-53.26) 

+ + 2 1 1 0.391 3.21 (0.19-53.26) 

+ - 37 12 25 0.304 1.54 (0.67-3.52) 

- + 1 0 1 - -

+ + 0 0 0 - -

+ + 7 3 4 0.259 2.41 (0.50-11.51) 

+ + 2 1 1 0.391 3.21 (0.19-53.26) 

Table 6.20 - Risk of decline in outcome category according to 
the genetic profile of high risk factors. n=number of subjects, 

Decl=decline in category, No decline=improvement or no change 
in category, OR=odds ratio, CI=confidence interval. 
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The only significant effect is seen in those patients with both the TNF A -308 A allele 

and the ILIA -889 T allele. The combination of these two alleles was also 

significantl y associated with poor outcome at 6-months (Table 5.15). It appears that 

they may continue to exert an effect which leads to a further decline in overall 

function. No other combination exerts a significant effect. 

6.4.3 Improvement in overall outcome from 6-months to long term, according to 

the number of 'protective' genetic factors 

The protective factors have been analysed to examine whether they have a significant 

effect in determining whether there is an improvement in function from 6-months to 

long term. Results are shown in Table 6.21. Possession of at least one protective 

factor makes an improvement in function more likely, although this is not a 

significant effect. 

No of 

protective 

factors 

0 

1 

2 

3 

Decline/no 
2 Improvement X p- OR (95% 

n change in 
in outcome value confidence interval) 

outcome 

31 2 29 referent referent 

125 19 106 0.201 2.599 (0.572-11.811) 

140 21 119 0.207 2.559 (0.567-11.539) 

11 2 9 0.255 3.222 (0.395-26.256) 

Table 6.21 - Odds ratio. of an improvement in outcome according 
to the number of protective factors possessed. n=number of 

subjects, OR=odds ratio. 
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6.4.4 Improvement in overall outcome from 6-months to long term, according to 

the profile of 'protective' genetic factors 

No significant effects are found when the profile of protective factors is examined 

(Table 6.22), although each combination seems to favour an improvement in overall 

outcome from 6-months to long term. 

Genetic Profile 

-509 T 

-

+ 

-

-

+ 

+ 

-

+ 

No 
-800 A GGG n Imp '1.

2 OR (95% C.I.) 

-

-

+ 

-

+ 

-

+ 

+ 

Imp 

- 31 2 29 - -

- 31 5 26 0.229 2.79 (0.50-15.62) 

- 8 1 7 0.567 2.07 (0.16-26.22) 

+ 86 13 73 0.216 2.58 (0.55-12.16) 

- 6 1 5 0.401 2.90 (0.22-38.32) 

+ 115 17 98 0.221 2.52 (0.55-11.53) 

+ 19 3 16 0.285 2.72 (0.41-18.01) 

+ 11 2 9 0.255 3.22 (0.40-26.26) 

Table 6.22 - Odds ratio of an improvement in outcome according 
to the genetic profile of protective factors. n=number of subjects, 
Imp=improvement in category, No Imp= Decline or no change in 

outcome category, OR=odds ratio, CI=confidence interval. 
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6.5 Discussion 

In this chapter the results from the retrospective cohort have been analysed. This 

cohort is unique in being the only cohort in the published literature in which genetic 

polymorphisms have been examined to ascertain any influence on long term outcome 

after head injury (Millar et at., 2003). In addition to the genetic information, this 

paper is useful as it demonstrates that a high proportion of those patients assessed 15 

to 25 years after injury were severely impaired. Deterioration in outcome, as 

measured by the GOS, occurs in almost one third of patients between 6-months and 

their late assessment and improvement in this time period is relatively uncommon 

(but does occur). As discussed by Millar et at., this supports previous findings of 

late deterioration after TBI (Corkin et at., 1989; Plessman et at., 2000). 

The functional impact of TBI may have consequences far beyond the 6-month 

outcome period considered in the previous chapter. As already discussed, head 

injury is associated with cognitive decline some time after the injury. Cytokines play 

a role in chronic inflammatory states, such as may occur in Alzheimer's disease (see 

Section 1.3 and Gentleman et at., 2004), and polymorphisms within the cytokine 

genes may trigger, exacerbate or ameliorate this chronic activation (Scola et at., 

2003; Laws et at., 2005; Dickson et at., 2005; Lio et at., 2006). Thus cytokine 

polymorphisms may be associated with head injury outcome at a much later stage 

than the 6-months post injury considered to this point. The long-term outcome data 

from the retrospective cohort enables this to be assessed. 

Intriguingly it is again the TNF A -308 polymorphism, together with the GA TNF 

haplotype, that shows a significant association with outcome many years after TBI. 

This suggests that TNFQ', and specifically the -308 polymorphism, is not only 

associated with outcome relatively soon after TBI but also has an ongomg 

relationship with outcome. Again the rarer A allele is associated with poorer 

outcome long-term so the GA haplotype association that was detected may actually 

be a reflection of the allele effect, as previously discussed. Recent experimental 

evidence (see Section 1.9.1) suggests that lack of TNFa is detrimental in the short­

tenn but beneficial in the long run. The A allele is associated with increased 
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transcription of TNF A, but there is no firm evidence to confirm whether this 

continues in states of chronic neuroinflammation. There is evidence to suggest this 

polymorphism contributes to chronic inflammation in other conditions, affecting a 

number of organ systems,. The rarer A allele is significantly overrepresented in 

patients who suffer from chronic bronchitis, suggesting a role in chronic 

inflammation of the respiratory tract (Huang et al., 1997). Carriage of the rarer allele 

at position -308 is also associated with a significantly increased risk of fibrosing 

alveolitis (Whyte et al., 2000). In the gastrointestinal system this TNF A 

polymorphism may influence disease activity in sufferers of Crohn's disease (Sykora 

et ai., 2006). Within the CNS the -308 SNP has recently been shown to affect the 

risk of late-onset AD, possibly by modifying the cerebral inflammatory response 

(Ramos et al., 2006). An earlier study has also suggested a role for this 

polymorphism in AD (Culpan et al., 2003). Despite this evidence a biological 

explanation linking the activity of the SNP with actual biological action is not yet 

clear, and requires further investigation. It must also be remembered that this is an 

association study and the -308 polymorphism may not be directly involved in the 

underlying processes, but merely acting as a marker. When examining the 

retrospective cohort alone the TNF A -308 SNP is not significantly associated with 

outcome at 6-months but becomes associated by the time of the 'late' assessment. 

One may therefore expect to see an association between the SNP and 'change' in 

outcome. This is not the case. This may be as a result of a methodological issue, as 

the 'change' is not between the dichotomised groups but between GOS categories. 

Alternatively this cohort may not be large enough to detect a small effect. Two 

SNPs - ILIA -889 and ILIB +3953 - do show a significant association with change 

in function between 6-months and 'long tenn'. IL-l is known to have a role in a 

number of chronic neuroinflammatory conditions (see Section 1.9.2) and would be 

expected to have a major role in the control of ongoing inflammation after TBI 

(Section 1.3). The -889 SNP is associated with microglial activation and +3953 with 

increase ILl expression. There is thus biological evidence to support these SNPs as 

being involved with ongoing neuroinflammation after TBI, which leads to a late 

decline in overall function. 

As discussed in the previous chapter it will be important to replicate these findings in 

other cohorts before any concrete conclusions can be drawn. No other studies have 
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searched for associations between cytokine SNPs and outcome post-TBI at such a 

late stage after the injury. Until further studies are completed the findings of this 

study must remain speculative to some degree. 

In a similar manner to the previous chapter I have created a series of 'toxic' and 

'protective' inflammatory profiles. As has been shown there is little evidence to 

specifically support the role of these SNPs at such a long time course after TBI, 

although there is certainly a role for them in chronic neuroinflammation. The 

profiles should therefore again be treated as a model rather than definitive fact at this 

stage. As per Chapter 5 the models again reveal interesting results. Possession of at 

least one of the 'toxic' factors increases the chances of a decline in function whereas, 

conversely, possession of at least one 'protective' factor increases the chances of an 

improvement in overall function. Looking at the toxic group in more detail it can be 

seen that the +3953 SNP and the GGA IL6 haplotype, when possessed alone, appear 

to exert the reverse effect to that predicted from the literature, although the 

confidence intervals are wide. When these are possessed in combination with the 

other toxic factors then the protective effect disappears. The only statistically 

significant effect is seen when TNFA -308 and ILIA -889 are possessed together 

(p=0.03), increasing the risk of a decline in function. The +3953 SNP acts to 

ameliorate this effect when all three SNPs are possessed. This would seem to fit 

with the findings earlier in this chapter, where those three SNPs are the ones found to 

show significant effects. 

As would be predicted the 'protective' model shows that possession of at least one of 

the 'protective' factors increases the chances of an improvement in overall function 

from 6-months to 'long-term'. No combination of the three factors appears to favour 

improvement over any of the other combinations, although the largest odds ratio is 

achieved by the group who possess all three of the factors. The number of patients 

whose overall function (as assessed by the GOS) improved during the period in 

question is much smaller than the number who declined, so the confidence intervals 

are much larger in this model as compared to the 'toxic' model. 

If these results are compared to those obtained in the similar models in the previous 

chapter it can be seen that the results are strikingly similar in the effects of the 
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chosen SNPs, despite the use of two different cohorts and different outcome 

measures. This would seem to confirm the roles of these SNPs as either 

neuroprotective or neurotoxic, and that their effects (although possibly small) persist 

for some time. 

Six month outcome data is available for this cohort so it can be potentially used to 

confirm the findings in the prospective cohort, demonstrated in Chapter 5. The main 

finding in the prospective cohort was that possession of the rarer A allele at the 

TNF A -308 SNP position was associated with worse outcome at 6-months. This 

finding has not been confirmed in the retrospective cohort, with the -308 SNP not 

being shown to be significant in any of the analyses of 6-month outcome. In fact 

none of the 11 SNPs examined shows an association with 6-month outcome in this 

cohort. This may be explained in a number of ways. Firstly this may mean that that 

the results obtained in the prospective cohort are false positives (as discussed in the 

previous chapter) and that none of these SNPs are associated with 6-month outcome. 

However another explanation may be that the retrospective cohort may not be as 

representative of the general population (of head injured patients) as the prospective 

cohort is (and thus not directly comparable), because of the selection criteria for 

entry into the retrospective cohort. The cohort included only those patients who had 

survived for 6-months after their injury and were alive and available for follow-up 

15-25 years later. There may have been some selective loss of certain alleles in this 

process. As can be seen in Table 4.2 the genotype frequencies in the two cohorts are 

relatively similar, although small variations in the percentage of rare alleles may 

result in large differences when the cohorts are compared. Patients who had more 

severe injuries or had significantly declined could have been lost due to death prior 

to the study or being too unwell to participate. It is therefore possible that a real 

association of TNF A -308 is being masked in the retrospective cohort due to the 

manner in which the patients were selected. 

The finding of no other association between any of the cytokine SNPs and 6-month 

outcome is in keeping with the findings from the prospective cohort. In the 

retrospective cohort the -889 SNP in ILIA just reaches significance in the analysis of 

dichotomised outcome and genotypes, but this finding is not repeated in any of the 

further analyses. The TTCT haplotype in ILl also just reaches significance in the 
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logistic regression analysis. Although this needs to be acknowledged there is little 

evidence to support this being a true positive. This haplotype was non-significant in 

the prospective cohort and only just reaches significance in this analysis. It showed 

no significance in the standard analysis. 

In this chapter I have used a unique cohort to evaluate the role of cytokine gene 

polymorphisms in determining both 'long-term' outcome after TBI, and change in 

outcome from 6-months to long-term. In addition I have utilised the available data to 

see if the 6-month outcome findings in the prospective cohort could be replicated. In 

contrast to the prospective cohort, where the TNF A -308 SNP was highlighted, no 

SNP associations with 6-month outcome were identified. This may have been due to 

the cohort selection criteria or may suggest the finding in the prospective cohort is a 

false positive. When concentrating on 'long term' outcome the TNF A -308 SNP is 

again identified as having an association with outcome. The fact that the same SNP 

shows a significant association is further evidence to suggest the finding in the 

prospective cohort is not simply a false positive. To fully understand these results 

further work is required. The findings must be replicated in other cohorts, that in the 

case of the 'long term' follow-up will be difficult due to the problems of recruiting 

sufficient participants and the length of time required to wait for the 'long term' data. 

It would be interesting to see if the results are replicated in other ethnic groups. If 

the association is confirmed then the underlying biology will need further 

investigation. Little is known about the long term effects of most of the cytokine 

SNPs after TBI, especially with respect to the initiation and continuation of a chronic 

inflammatory response. As discussed in the paper by Millar et at., (2003) despite the 

long follow-up time in the retrospective cohort the subjects remain relatively young 

and it is to early to assess whether there is an association with further cognitive 

decline or the onset of Alzheimer's disease. 
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Appendices 



Appendix A 

A.I Organotypic hippocampal slice culture models 

A correlation between gene polymorphisms and clinical outcome is a strong indicator 

that the gene product may be acting as a disease- or condition-modifying agent. 

However, increased gene expression may also occur as a non-specific response to the 

injury itself and as such may not be influencing patient outcome at all. In order to 

test this possibility, the potential neuroprotective/neurotoxic effects of cytokines can 

be investigated in in-vitro models of neurodegeneration that reflect a number of the 

processes known to underlie traumatic brain injury. 

A number of in-vitro techniques are available to study the properties, interactions and 

responses of neuronal tissue. Primary dissociated cultures have been used for many 

years (Brewer, 1997) but have the disadvantage that the complex neuronal networks, 

which to some degree determine the behaviour of the cells within the network, 

cannot be represented. Organotypic cell cultures are not dissociated and therefore 

cells within the culture maintain their relationship with surrounding cells. The in­

vitro organotypic hippocampal slice culture (OHSC) model retains many of the 

intercellular interactions that occur within the in-vivo brain. 

A.I.I Organotypic hippocampal slice cultures 

The hippocampus is an integral part of the limbic system, important for learning, 

memory and spatial orientation. In the human the hippocampal formation consists of 

the subiculum, the hippocampus and the dentate gyrus, located along the base of the 

lateral ventricle in the temporal lobe. The hippocampus is divided into four zones, 

labelled CA (cornu ammonis) 1 through 4. A number of intrinsic pathways exist 

within the hippocampus, and are preserved in the organotypic model. The best 

known are the so-called Schaffer collaterals, which run between CA3 and CAl. 

Stoppini et al. published a method for culturing organotypic hippocampal slices in 

1991 (Stoppini et aI., 1991). This was an advance on previous techniques for 

producing organotypic cultures utilising the roller tube method (Gahwiler, 1984). 

Subsequent minor alterations have refined the method and it is now used as a 
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valuable in-vitro model (Finley et ai., 2004). Briefly, the technique entails rapid 

dissection of the hippocampus from Wi star rat pups, sectioning and then growth of 

the sections on a semi-permeable membrane. The OHSCs are well characterised as 

models for both cerebral ischaemia (Newell et ai., 1995; Pringle et ai., 1997) and 

hypoxia (Pringle et ai., 2001; Graulich et ai., 2002). 

CAl 

Dentate Gyrus 

Figure A.I - An organotypic hippocampal slice 
culture, clearly demonstrating the different cell 

layers 

....-::--' CA3 

7.1.2 Cytokines and OHSC models of ischaemia and hypoxia 

The neuroprotective/neurotoxic effects of cytokines in various in-vitro models were 

briefly described in Chapter 1. TNF-u has a crucial role in the control of the 

inflammatory response, and has been demonstrated to have both neurotoxic and 

neuroprotective actions depending upon the model and protocol used. Models of 

ischaemia and hypoxia best resemble the type of damage seen after TBI. In a 

hippocampal slice culture model of ischaemia TNF -u attenuated and augmented 

damage, dependent upon whether TNF -u was present before or after the ischaemic 

insult (Wilde et ai., 2000). When cultures were exposed to TNF-u for 24 hours prior 

to the ischaemic insult reduced cell death was observed. In contrast if the TNF-u 

was not added to the culture medium until after the insult then cell death was 

enhanced. This paper clearly demonstrates the biphasic effects of TNF -u. 
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Although considered to be a pro-inflammatory cytokine, interleukin-1 has some 

neuroprotective effects in an OHSC model of ischaemia, but not hypoxia. Pringle et 

al. (2001) demonstrated that high concentrations of IL-1 were neuroprotective in 

models of oxygen/glucose deprivation and N-methyl-D-aspartate (NMDA) 

excitotoxicity, whilst lower concentrations showed no effect. In contrast, in a model 

of hypoxia low concentrations of IL-1 potentiated neurodegeneration whilst higher 

concentrations had no effect. 

IL-6 has been investigated in an OHSC model ofNMDA excitotoxicity (Pizzi et al., 

2004), where it was shown that various concentrations of IL-6 were neuroprotective 

when administered before NMDA, although the response after oxygen/glucose 

deprivation or hypoxia has not been established. 

The effects of TGF~ have not been investigated in OHSC models of ischaemia and 

hypoxia. 

A.1.3 Aims 

The OHSC studies were run in parallel to the genetic studies, and therefore 

commenced prior to any results from the genetic studies. IL-6 was chosen as the 

initial candidate cytokine for the reasons below, although subsequently the SNPs 

identified for the genetic studies did not prove to be associated with outcome after 

TBI. This, of course, does not exclude the possibility that IL-6 has an important role 

to play after TBI, but that SNPs other than those identified for study are relevant. 

Clinical data from other work in our laboratory has suggested raised IL-6 levels may 

be associated with improved patient outcome (Winter et al., 2004). It is conceivable 

that these patients have a genotype that favours increased IL-6 production. IL-6 is 

thus a prime candidate for initial investigation, especially as the response of the 

ischaemia and hypoxia models in OHSC has not been explored. 

Whilst most of this work concentrates on the role of cytokines in outcome from brain 

injury I have also outlined the possible role of apolipoprotein E (and more 
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specifically the 84 allele) in Chapter 1. In view of this evidence I will also explore 

the effects of apoE in our OHSC models. 

In this chapter I will assess the neuroprotective/neurotoxic effects of IL-6 and 

apolipoprotein E in our ischaemia and hypoxia OHSC models. 

A.2 Methods 

A.2.1 Organotypic hippocampal slice culture preparation 

OHSCs were prepared using the method described by Stoppini et al. (1991), and 

modified by Morrison et al. (2002). Eight to ten day old Wi star rat pups (Biomedical 

Research Facility, University of Southampton) were killed by decapitation and both 

hippocampi rapidly dissected out. Transverse sections, with a thickness of 415 

microns, were then cut using a McIlwain tissue chopper (Mickle Laboratory 

Engineering Ltd, Surrey, UK) and placed into ice cold Geys salt solution (Sigma, 

Ayrshire, UK), supplemented with 28mM glucose (Sigma). Using plastic paddles 

the slices were then plated onto Millicell-CM semi-porous membranes (O.4~m pores; 

Millipore, Watford, UK). Four cultures were placed on each insert in a six well 

culture plate (Nunc, Roskilde, Denmark). Cultures were grown in 1ml horse serum 

based medium consisting of 50% minimum essential medium (MEM) (Gibco, 

Paisley, UK), 25% Hank's balanced salt solution (ICN Chemicals, Cambridge, UK), 

25% heat inactivated horse serum (Gibco) supplemented with 1mM glutamine 

(Sigma) and 4.5mg/ml glucose (Gibco). Cultures were grown for 14 days in an 

incubator at 37°C with 100% humidity and an atmosphere of 5% CO2, 20% O2 and 

75 N2. Medium was changed every 3-4 days. 

A.2.2 Visualisation of neuronal damage 

Neuronal death was determined using propidium iodide (PI) (Molecular Probes, 

Leiden, Netherlands), a fluorescent exclusion dye. PI is highly polar and under 

normal circumstances is excluded from cells. After cell membrane damage PI is able 

to enter cells, where it binds to DNA and fluoresces. 
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Figure A.2 - Examples of the transmission (upper) and PI (lower) images of hippocampal 
slice cultures (different slices) 

PI fluorescence was excited at 515-560nm using a Leica inverted microscope fitted 

with a rhodamine filter (Leica UK, Milton Keynes, UK). Transmission images of the 

cultures were taken and the CAl area determined using Openlab 3.0 (Improvision, 

Warwick, UK) image analysis software on an Apple Macintosh computer. The area 

of PI fluorescence above background in the CAl area was determined using the 

'density slice' feature of the software and the percentage area of PI fluorescence 

calculated. 
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A.2.3 Experimental protocols 

All experiments were performed in serum free medium, consisting of 75%, MEM, 

25% Hanks balanced solution, 5mglml glucose and 1 mmol/L glutamine. Cultures 

were transferred into this medium 20 minutes prior to commencing experiments. 

Transmission images (see above) were taken during this period. 

Three experimental protocols were used: ischaemia, hypoxia and NMDA 

excitotoxicity. Ischaemia (oxygen-glucose deprivation - OGD) was induced by 

quickly transferring the cultures into glucose-free SFM saturated with 95% N2/5% 

CO2 and then placing the culture plate in an airtight box, saturated with 95% N2/5% 

CO2, in an incubator. Cultures remained in this atmosphere for one hour, then were 

removed and returned to normoxic SFM. 

Hypoxia was induced in a similar manner to ischaemia, except that cultures remained 

in SFM, and were kept in the 95% N2/5% CO2 saturated airtight box for three hours. 

NMDA excitotoxicity was induced by exposing cultures to lOmM NMDA (Tocris) 

for 3 hours. 

Cultures were exposed to varIOUS doses (10-1 OOng/ml) of recombinant rat IL-6 

(Biosource) 24 hours prior to insult, during the insult or for the 24-hour recovery 

period post insult. Neuronal damage was assessed at 24 hours post insult. 

Cultures were exposed to 1 ~g human apolipoprotein E (Calbiochem) in the apoE 

experiments. Either a mixed, plasma-derived, apolipoprotein E preparation or 

specific isoforms were used. 
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A.3 Results 

A.3.1 IL-6 & Ischaemia (OGD) 

Pre-treatment 

OGD & pre-treatment with IL-6 
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OGD+IL-6 during insult 
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Figure A.3 
neuroprotective effect of 
low dose IL-6 when 
present pre-insult. IOnglml 
IL-6 provides significant 
protection (p=O.02). High 
doses did not differ 
significantly from controls. 
(OGD; n=43 , lOng; n=24, 
20ng; n=25, 30ng; n=24) 

Figure A.4 when 
administered during the 
period of insult IL-6 
showed significant 
protection (p=O.02) at a 
dose of 20nglml. 
(OGD; n=16; lOng; n=14, 
20ng; n=16) 
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Post insult 
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Figure A.S - IL-6 did 
not provide significant 
neuroprotection when 
applied for 24 hours post 
ischaemic insult. 
(OGD; n=18, lOng; 
n=14, 20ng; n=16, 30ng; 
n=16) 

Figure A.6 - at a much 
higher dose of lOOng/ml 
IL-6 was not 
neuroprotective when 
applied pre or post 
ischaemic insult. However 
when applied at the same 
time it was significantly 
neuroprotective (p=O.04), 
in keeping with the results 
shown in Figure 7.3. 
(OGD; n=12, pre; n=lO, 
during; n=12, post; n=ll) 

The neuroprotective effects of IL-6 in our OHSC model of ischaemia are displayed 

in the above figures (Figure A.3 - Figure A.6). No overt neurotoxic effects of IL-6 

were demonstrated, although there may be a trend towards additional 

neurodegeneration occurring when cultures are exposed to high dose IL-6 prior to the 

ischaemic insult (Figure A.6). Neuroprotection was observed in two situations; i) 

pre-treatment with low dose IL-6 (see figure A.3) and ii) higher doses of IL-6 present 

during the period of insult (see figures A.4 and A.6). When IL-6 is applied 

throughout the whole time course of the experiment i.e. 24 hours pre-treatment, 
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during the insult and then for 24 hours post-insult, no sigriificant protection IS 

achieved, although there may be a trend towards neuroprotection at higher doses (see 

figure A. 7 below). This suggests that most of the neuroprotective effects occur 

during the period of insult, and these outweigh any potential neurotoxic effects 

occurring in the 'pre-treatment' phase. 
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A.3.2 IL-6 and NMDA excitotoxicity 
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Figure A.7 - trend 
towards neuroprotection 
when increasing doses of 
IL-6 are present 
throughout the whole 
experimental protocol. 
(OGD; n=14, lOng; 
n=14, 30ng; n=15) 

Figure A.8 - doses of IL-6 given pre, during, or post excitotoxic insult with IOmM NMDA. 
lOng IL-6 treatment pre-insult resulted in significant increase in damage (p=O.OI), while 
IOOng present during the insult was significantly neuroprotective (p=O.02). (n : NMDA=30, 
Pre; IOng=27, 30ng=31 , IOOng=24, During; IOng=27, 30ng=24, IOOng=27, Post; IOng=23, 
30ng=33, IOOng=24) 
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The response to IL-6 in our NMDA model of excitotoxicity was less consistent than 

seen in the ischaemia model. The results are summarised in a single graph (Figure 

A.8). When IL-6 was used as a pre-treatment low dose increased the 

neurodegeneration induced by NMDA, but this did not occur at higher doses. This is 

the reverse of the situation seen in the ischaemia model, where low doses were 

protective. However there did not appear to be a dose response to higher doses so 

this finding may be questionable. When IL-6 was applied during the period of 

excitotoxicity some neuroprotection was attained, but this became apparent at a 

higher dose than seen in the ischaemia model. When IL-6 post-treatment was used 

there was no significant change versus control, although a slight trend toward 

increased damage with all doses. 

When IL-6 was present throughout the whole time course of the experiment there 

was no significant change in damage (Figure A.9) . 
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Figure A.9 - doses of 
IL-6 applied throughout 
the complete time course 
of the experiment. 
Addition of IL-6 did not 
significantly alter 
neuronal damage 
induced by NMDA. 
Control = no NMDA or 
IL-6 added. 
(NMDA; n=12, Control; 
n=12, lOng; n=16, 20ng; 
n=14, lOOng; n=14) 
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A.3.3 Response to apolipoprotein E 

OHSCs were exposed to apoE throughout the full time course of the experiments (i.e. 

pre-, during, and post-insult). The response of the cultures was examined in both the 

ischaemia and the hypoxia models. 
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Figure A.IO 
Apolipoprotein E shows 
neither neuroprotective nor 
neurotoxic effects when 
added to the OHSC model 
of ischaemia. 
(OGD; n=12, ApoE; n=12) 

Figure A.ll 
Apolipoprotein E shows 
neither neuroprotective nor 
neurotoxic effects when 
added to the OHSC model 
of hypoxia. 
(Hyp; n=23, Hyp+ApoE; 
n=23) 

In both the model of ischaemia and hypoxia apolipoprotein E did not alter the 

amount of neuronal damage sustained. Hypoxia is usually a ' softer' insult than 

ischaemia, so the degree of damage noted in this experiment (figure A.II) is 

unusually high. 
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A.3.4 Response to apolipoprotein E isoforms 

OHSCs were exposed to apoE isofonns E3 and E4 throughout the full time course of 

the experiments (i.e. pre-, during, and post-insult). The response of the cultures was 

examined in the ischaemia, hypoxia and the excitotoxicity models. 
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Figure A.12 - the E3 and 
E4 isoforms show no 
significant effect on CA 1 
damage after OGD when 
compared to controls. A 
significant increase in 
damage is observed when 
E4 treated cultures are 
compared to those treated 
with E3 (p=O.04). 
(OGD; n=24, E3 ; n=22, 
E4; n=21) 

Figure A.13 No 
differences are seen in the 
hypoxia model when 
comparing E3 and E4 
treated cultures with 
controls. 
(Hypoxia; n=15, E3; n= 14, 
E4; n=12) 
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A.4 Discussion 

Figure A.14 - The NMDA 
model shows a similar 
pattern to the OGD model. 
There is no significant 
difference between isoform 
treated cultures and 
control. E4 treated cultures 
show a significant increase 
in damage in comparison to 
E3 (p=O.003). 
(NMDA; n=45 , E3; n=34, 
E4; n=36) 

The work set out in this chapter demonstrates that lL-6 has some neuroprotective 

actions in our OHSC model of ischaemia. Results from the NMDA model were less 

conclusive. Early work exploring the role of apolipoprotein E has shown a 

significant difference between the E3 and E4 isoforms. 

A.4.1IL-6 

The finding of a neuroprotective effect when high doses of lL-6 are present during 

the period of ischaemia is not necessarily in keeping with a number of clinical 

studies (Perini et al., 2001; Smith et al., 2004) where peak lL-6 levels are associated 

with ischaemic stroke severity. This is not the case in TBl patients where raised lL-6 

levels have been associated with better outcomes (Winter et al. , 2004). The precise 

nature of the tissue injury is obviously one of the factors determining injury severity 

and outcome. As the lL-6 dose is the only variable in the OHSC models it must be 

assumed that the alteration of neuronal damage results as a direct effect of lL-6 or the 

effect of lL-6 on other induced inflammatory events. lL-6 has been acknowledged as 

both a pro- and anti-inflammatory cytokine. The variation in study results may be 

explained not only by the tissue concentrations of lL-6 but also the temporal change 

in these levels. The presence (or absence) of a critical level of lL-6 during the 

periods of ischaemia and then reperfusion may be the key to determining the ultimate 

degree of damage or cell survival. 
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The actions of IL-6 in the NMDA excitotoxicity model were less clear. Previous 

studies have shown IL-6 to be an effective neuroprotectant against NMDA toxicity in 

a dose-dependent manner (Carlson et ai., 1999; Ali et ai., 2000; Inomata et ai., 2003; 

Pizzi et ai., 2004). This was not the finding in this study, except when very high 

doses were present during the period of excitotoxicity. It is unclear why my results 

are at odds with these previous published studies. One possibility is that the batch of 

IL-6 used in my NMDA experiments had lost some of its potency. To test this 

possibility two additional batches of IL-6 were sourced, and compared with the batch 

used in the original experiments. No difference in response between the batches was 

noted in either the NMDA model or the OGD model. We must therefore assume that 

IL-6 truly failed to display any neuroprotective effect in the NMDA excitotoxicity 

model. 

A.4.2 Apolipoprotein E 

Experiments were performed using either serum derived apolipoprotein E or isoform 

specific preparations (either E3 or E4). There was no significant effect of the serum­

deriveved apoE treatment on the degree of damage in either the hypoxia or OGD 

model, although apoE treatment appeared to enhance damage in the OGD model but 

not in the hypoxia model. This suggests that, similar to the cytokine experiments, 

there may be a model specific effect occurring i.e. apoE is able to effect and alter the 

mechanisms occurring in the OGD model, but not those occurring in the hypoxia 

model. 

The same pattern is observed in the isoform-specific experiments, with the isoforms 

causing little variation in the amount of damage observed in the hypoxia model. In 

the OGD and excitotoxicity models the E3 isoform tends to reduce damage, while 

the E4 isoform tends to increase damage. This observation of similar effects of a 

substance in the OGD and excitoxicity models that differ from the hypoxia model 

has been seen previously (Pringle et ai., 2001). 

In both the OGD and excitotoxicity models there is a significant difference in the 

damage observed when comparing the cultures treated with apolipoprotein E3 with 
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those treated with E4. In both cases E4 causes an mcrease in damage. This 

corroborates the genetic data that associates the 84 allele with poorer outcome (see 

Section 1.6). The mechanism for this effect is unclear but the E4 isoform appears to 

be promoting cell death, whilst E3 is possibly exerting a neuroprotective effect 

(evidenced by the slight fall in observed damage in comparison with controls). If 

this is the case then it is interesting that a single polymorphism (E3 differs from 84 by 

a single polymorphism at codon 158) can lead to the production of a substance that in 

one form is neuroprotective but by changing a single amino acid this becomes 

neurotoxic. This finding is supported by other in-vitro studies (Miyata & Smith, 

1996; Jordan et ai., 1998; Michikawa & Yanagisawa 1999; Veinbergs et al., 2002; Ji 

et ai., 2002) but not universally (Lendon et ai., 2000). 

This work is still at an early stage, and requires further validation before drawing any 

absolute conclusions. However the current findings are interesting and worthy of 

further investigation. Further work may include investigating the E2 isoform, to 

identify any further isoform specific effects, and to examine purely protein effects 

(Laskowitz et ai., 2001; Lynch et ai., 2005) or effects associated with lipoprotein 

particles (see Kay et ai., 2003 for example). 
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Appendix B 

Bl Glasgow Coma Scale 

The Glasgow Coma Scale (GCS) was first proposed in 1974 (Teasdale & Jennett, 

1974). It is the most widely used scale for assessing consciousness after TBI. The 

level of consciousness is established by 'scoring' the patient according to three 

responses to stimulation (eye opening, verbal response & motor response - see 

below). A total score of between 3 (worst) and 15 (best) is established by adding the 

scores in the three categories. 

The severity of a head injury can be gauged using the GCS, with patients with mild 

injuries having a GCS of 14-15, moderate a GCS of 9-13 and severe a GCS of 8 or 

less. 

Glasgow Coma Scale: 

Score Best Eye Opening Best Verbal Best motor 

6 - - obeys commands 

5 - oriented speech localises pain 

4 spontaneous confused speech withdraws to pain 

3 to speech inappropriate speech abnormal flexion 

2 to pain incomprehensible abnormal extension 

1 none none none 
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B2 Glasgow Outcome Scale 

The Glasgow Outcome Scale (Jennett & Bond, 1975) is a useful tool for assessing 

and scoring outcomes after brain injury. It is now often used in its extended form 

(Teasdale et aI., 1998), wherein the three categories of severe disability, moderate 

disability and good recovery are split into two subcategories, scoring from 1 to 8. 

Assessment is usually in the form of structured interview (Wilson et aI., 1998). 

Glasgow Outcome Scale: 

Score Description 
1 Death 

2 Persistent vegetative state 
Patient exhibits no obvious cortical function 

3 Severe Disability 
Patient depends upon others for daily care 

4 Moderate Disability 
Patient is independent but has a degree of disability 

5 Good Recovery 
Resumption of normal activities 
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Appendix C 

Association between SNP alleles and poor outcome in different age groups 

This section contains the analysis to detect potential association between cytokine 

SNP alleles and clinical outcome according to the age group of the patients. This is 

discussed in section 5.3.1.2. 
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rare alleles. 

Figure continues overleaf. 
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Appendix D 

Presentations 

During the course of my PhD various elements of this work were presented at 

National and International conferences. These included; 

British Neurosurgical Research Group, London, January 2005 

(shown on the following page) 

Neurotrauma 2005, Washington DC, October 2005 

(shown as the final image in this section) 

4th World Congress for Neurorehabilitation, Hong Kong, February 2006 
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Introduction 
Ttaumatle brIIn irful'f erel) Is oomman, orten OCCOfll at a young aoe and ~ rew l In ~f.1orCI diuoilly. Clinical OIAOOIIMI al'ler 
,-"n;...yl. vallllbl.atldcanl\Ot.atilyDepredk:ted. ~U'ler • • rrcwevw:leneetolWOoe"U'ler.m·ybO!l·oeneuc lnnllel\Cl8 
f l , 2) Aner TBI an lnnammlltOfy ,elllCton I. PlOYOked WIIIWIIne cenlflll nervous l)o'Iem C)toklnn play an Impc:ltilnl role In 
m"~o IhIt r~ PalymapMmIWlllllnq1oUl.genelmlyeilergene tr1I~ption and tnerebyaltar lhe ma~Mude 
and d urllllOn d the Intlammatory 1851)0"'. 'OIhich In tum ma y 'lfld: dink:al oW:oma 

Wflha ..... QrHd.oceuloDtlAumplflllcolleaedlrom 1.6JpalieflllIl'Mted BnerTBI IIl GIlIgOW. AdIrlIcaIdal.a:N.lMlfor 
IfIeW palloln!J; I, IIVaiiaDlII, lndudlngdelaillol ~ I~Hlea. QUIOOme atler 0 monlhs and , lot lOI!Ie. ootoomll '5-2~ yean;al'Itr 
Ifl/UryTh-.en . .... b&enut.edPfllVlOUl!ylodelennlr>egenlllic lntlueooeonootoom.(1. 3) 

W. ha ... been typing the or", UtnIlI81 rOf. numbef d alogia nuc.le«lda poIymorpl'Aml (SNPI) WIlhn rMl qtob'Ie oen_ 
COmbining thit data WIth 1ha dinleal outeoma mea_ .. WiI w ll be ebla to Identd'y any t.lQlllI"Qnl lnlluern;es 

Cytoklne SNPs 

.... 

1. DNA Quantltatlon 
DNA ...,. ..... _. ODIIeded lrom pacem WI the 10ITlI rJ bI.IC:eaI _.t. DNA PI_flI~ WM earned QUI in GlaagCHf. DNA 
lluanlltlcabonWIII neceHIIrylO _ _ tile I'IHCI rOfp"""~dlneONA. In ordellOenlU.surroenl DNA. 101 
multp .. SNP ...... ys.ndprHelVacOI'Ioflhertl$Ol.1tC:.IoIM ...... studl ... 

I • • •• 

••• •• • <0 10 '0 , __ o.o._~~ 

2. DNA Pre-ampllflcation 

, ' 

By atmOl'lwatlng U1a1 tn. DUccal &amples had DNA conoentnitiOl'l. <5 ~Iwe had conf>nned tn. !'Ie"" 101' ~re­
.m~ldIcellonue-p.pnoIIOoencl)'Png 

OOP-PCR 

A deoel"ollfat. oIlOOI'IueIeotlae prim'l (DOP) technlque .... n UM(! to echI ..... oenome wid. amplification. Pa:I_. 
l)affomled In a trlal volum. 0150111 on, tl'lafmal c~lIII. V,nOOl quanUu.. 01 tamplata DNA ware tMIIed. Pa:I. contalNlOl 
tllM DOP pnm ... (5·oCCGACTCGAGNNNNNNATGTGG.3·). 2501lM IINTP .. 2.51lM MaCl t 3M B«aine. 0 .02 ul'liU PWO. 
~ DOP BUill!\" and 2.5 unltl Taq poIym.flIM. An initial OIl'IIIlilfllaon at 940C lot 5 mlnut .. ......,.IoDowad toy S C)'dlll d 
94OC IOt I mll'lUla. 3O'C 101 one mlnuta ana72"CfOtJmll'uu" lhen2S(;)d .. of94OCI0t 1 mOOte. SOOC 101 1 minute and 
72"C lor 3 minutes. Th. pre-ampltled &ample ....... ,,\1I&n uled at ,tempietelot lurtherPCR. By pel'/ormlng\1Iese PCRI 
~ toec.m. 'PPltM11I!ha! tn. DOP.$>a:I method Will 001 provjcSing auIJIdenIIycom.lltllnl amptl\cabon {_ Fll1Ure 2 1) . 

" . 
", .. 
" . 

•• <l ., 

PIm 

. '. ·~"; I 
:. _ 1IlP , 

.• nl . : . I : .. , . 'j 
, .... u _~,,_ 

. _ . _ ... IlIICII'CIl.1.oItDNA· ... _ 
___ IJoUo>.n._,;;n_~ _ ...... OQII_I'N..,_ .. 

A, enattem~ II) theDOP.$>CR melhodwe UM<I1he G.oomiPhI DNA ampl.<fk::ation kII (Ame<sNIm Biooscienc:elj. Tn" 
~ u~1lIea flIndom helamer pnm ... and baCltKiopl'laga PhI29 polymafllM (Mle FIgure. 2.3) ........ = =- _ .. 

••• ••• 
, .... :t.I ___ ~-. 

---~-

'Nhen compared WIII'lIhe DOP method GenomlPhI pl'Qll\dad ml,lC/'t Improved and mOt. conaiSIlflil ampltlcillion. FlO""'" 2.2 
Ihow1Ihe companson MI.n running \11. 090 PCR on "<lUll! quanlI~n d OOP and GenomlPhl ampl~ materiel.. The 
Genoml Pnl l(lt I.I'IOW Dalng uled to amplly at of \JIe buccal DNA &amplel. 

3, SNP Genotyplng 
Dull 10 our &ample t.Il, and tn. runDer of SNP . .... WIIh 10 type ~ """l'1f1C:leMatyto 1411 ... hlljll>-througnpul meUlOd d SN? 
genOtyptng. W. hlv. CIIIlgn.eod fIlMY' which rilly 00 'Me~ ~.' analrn. Which Qh r..,;dly be Imleved by Ina OOyu.ey 
UohlTyper rnacnne. AnUOftllOltfl proDe. wnld'l biMlplec:..elywtl'l one Ofti'll SUP .ne .... IIlnduded dIM\ng\JlePCR.ag. 
POll PCR 1711 wmple plate a IJallderr&d ID 1M UgJ'I1T'tP«. """"Ie II ;' l'Ie4ted. Ounna hN~' prObe Mlch _Im prease/)' 
DOUnd Il . bound 10 !he .ltemal. allele d. SliP) .... 'melt df 81 a bwer t.mperature IIlan a prlClllly bOund ,,1'CItIe. J.. (:I'IIngoe 1'1 
I\uor~ (dlll«:lod bytl'll UghlTyper) 1011 IIlere(Ot. OCCII" at a dtllilrefl temperelll"' lor Mc:tl 1II1e1e. 

PCR"'"", 
A MlPltfllte PCR iI "'" for each SNP A.IIays lOdude atymmelf>e ptvn ... to .mplty!he SNP r.goon, a I!uorelCeO'llabelled 
prObe lOICIfo:: fOtoneoflhe SNP aJleleaand a DJ..BCYL-labelled probe. w!'\Ich tb.djaeentto\Jle ftUOfHlOli'\. toQuencn \l'Ie 
IIucrHoencewtlllllbotn"ro!)HerebounCl. 

EacnPCR...-Ihe.am. eycI. d Q40C for 2 m .. nus .. 56cyde1dS4OCIol' 20-. eeoc lor JO..xtnd:l . nd n"ClorJO 
MOOI'ICIltldfl'llly72"CI0t2milu:.ea 

4. Results 
R~IromIneUghITyperar.proceuedV\aspecillct.Y-.,hfTyperlOf!waa {lCI.hoTed'\nOII)gIaj T""dl$!)laY'nuore.oenc:e 
peekl ana Qh be ~ lor .UIorT1a!ed &ample 0I1iI'Ig. 

o.aottanaclrromI7llUOI1lTYQlfa.cr.wareal'8cnedced . ..... anExoelmaero. to_o.n COlTldg~edu'O Tln e!$.:) 
eneOlel • • .,. ... ualiw:ionollesu:::&. 

...... ~ ___ .... .... '"'''''''DNA ____ ...... _ ....... ,.. _ _ -._10 __ ._ ...... __ 

5. Further Work 
A totaIoI@.ampl.ar.rt>IIlIV$Ita~eloroe~g In Sou::lamptc.n. T""wono:.CUTen~y und ........ .,. /dquatldlhe 
reml lnl'""'wmplet .... bauansrl!l"Tedand~ lndueCOUl'1ooll. Orc.tn.~101dneg~h_lleendetennl'll(!we plan to 
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f'l8Ur.lhlllrepalr 

We anllelpa.\.!he deta analyM wil oompn .. mOIl d tn. WC(lncl liar 01 tne project. Tna enalyl4 .... be perfooned 1'1 
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INTRODUCTION 
Cllnk:al ow:ome after Deu'TllllIC t:Qfn Inj.wy (Tallis Vllriabllllllld camol OIlI&iIV 
be predCle<i, tu: theft Is _ r.e.aaslng ev\Oenoe to.~ Itoe~ In3Y be 
genetiel~(11PfeYiovslfudie'h3'Vtlexporlldana~tlonblMween 
epolipoprOleln E ge...., poIymotl)l\l$m and oo.Coome.to: ITIO!"lh$ alter ~~ ard 
Dll;Jter follow-up WIIh Vilnebla 1ndiogI.. This leaves.cope lOt an effect 01 
potymofJ:tlism 01 othIIr gene. Cylolmes play !Ill Imp:IrtonI role In mediabrg 
Ihe Im ammillary response pl'lMlked wthIn tne celllnli roeNOU!I ayslem .ftlll' 
TBI f"o/ymoIptIII. w#IIncyloidne genes may der gene I/lIilSCffptionand 
lhereby aller the mal1'dude arid dilation of the WI!IJTYT\aIory tesponM, wtli;:h 
In un may 1IIfec1 dinIcaI otJcome 

DNA from buoeaI awat4 has blNn eoIeo;ted IIl;lm 1463 pe!leru uealed 111'\" 
TBI. IOf previous lIt\.des (2, 3) A I;ii~J diMbMe lor theSe !*itra It 
lIViI~bIe. Including detaill gI their ift.ries, oW:ome (GOS) Itler 6 months 
i",, ' (67)orOLtooml! 1.5-2!!iyeananerlrjll)' 1rl'(396). 

We ~ been typing IN DNA NIm~ for II runber 01 IIiIgIe nu:1e«ide 
po/ymclrp'oI...-s (SNPs)w"" 'MI ~~. ~thllldlJtII wth 
the cllI-;cal outcome meoiIlIUltl _ wi. be able to iderUy any IlgliflCllrt ...... ~ 

CYTOKINE SNP TARGETS 

Gene I SNP IdbSNP Effect 
.. r 

301$2$ "--
TNF(I 

1.3Q8G1A 
Il·1a I ~CIT 1e00537 1 - ...... 
IL·lp 

~~ 
1l-6 .17HII'C ""'~ -61101'C lt1OO1lle 

.Nl7 01A ,eoom 
TGF jl I a» CIT 1«XWJO 

~,-",-

METHODS 

DNA Preparation 

Dux:,,IP'IIb&weleODllec:led~l~flC';101ogytrushOllthelnnof 
Mfloeotlhepatlenl'lehHlcl0f 15..,;;oocb ThebrushwM Iheriagi1aled 
h4OO\lleironoi ThewmploH_feoe ..... ug8d al l3000rpmlor30 
MOCIf'ds Theethanolwellhllnd!lcenledendtMpeOeCedwmpillld'1ed 
TMs.ampIM_relhllndioMleclWllhRoteinaseK. 

DNA Pre-ampl lncatJon 

Re .. mpllieelio)nwM req..olred 10 ensue lUffieienttempiate 10f frllJIipIe 
PCR, ~nd pf~Mrvldlon or I/Ie fesource n" GenomlPtll amplirleallon 101 
(OEl-lea!t>car~)wallAilised 

!.!:_.! 

••• ••• 

SNP GENOTYPING 

OuI!IIOOU""'mplelizeandlhltn..mbo!rofStPa_Wlsh.,typIt.wel~esury lol.d_e~rretr-odofSNP~ Weh.7oredotllg>ed 
1_,..wNcnfettOll'MemoC...-ve'aOllttals,wtoIc:hcenl1lpldtybeer:hlevedbymeOctruevUgtolTypermac:tme(Roche~Ud}, A lk.aelCltnlp"obII, 
wNeh binds p"ec/$eIy WIIn one of the SUP aiel", "1ncI!.J(Ied ClUrog IhII PCR IItaQe Po$!: PeR me umpIe plllle" trensfel'lecllo IN UgH:Typer, where t II 
hellled D.rtlg rleatll'QlpfObewhlehlllmprocl$erybound(leboo.ndtomea.e~tealeleolaSNP)WI' 'mO'oIT'Ilalowel'lempenll\l'ItI\:Illap"ec::oseIY 
bound prObe A c:NJroe In Ik.ofe.eence (detedecl ~ the UgtrlTyper) wiltherefore oo;;ur al e Qtlerenl llll'l'\fl'Crature IOf ellCh allele, 

peR design 

A Mpolrate PCR I. run IOf eac:h SUP A$Ia,..1nI::II.oGe Mynwnetrie prme,..1D ampIIy IN SNP region, 1 l'Uoresoeln labelled 
probe ~ lor one 01 tte SNP allele$ Illd 1 DA8CYl~Ibelled probe, whIeh .,. 1<\_'" to the n...oresoen. to q..en::h the 
1Iuoret;cen::ewt>htbothprobMalllbot.nd 

~-
1) 

Each PCR usn the Mmeevdeol94"C lor 2mlrl1.tes, 56evdes or94OC lor 20~, OO'C lor 30 H'OOOds DIld7ZOC 
lor30MOCIf'CftandIln811y72"Cf0f2m1rUes 

~-::-;,:=..-:o<'=.':',:":_~~R;:~ 
."""""A .. oyO"" ... INf'o·l3IIlItl l W>d .... ·'''OVIII_ .,.- ::"";:;:"-~:: . .'=--""'. 

PRELIMINARY RESULTS 
OtltCOME OllfCOME 

lnCn.....blc (n.....w. ...r..OInbIc r ... oonbI. 
n (1' ) Il r..) n(t~) n<,~) 

TNf' -U' TO' .... 
00 29)(11.3) )10("'9) '" CO 1 2~(S>6.9) lJ l (~l) .., 
OA 11(11 .• ) 61( IO.$) 'II.! CT n()6.3) 1))(3 1.0) '" M 1(0.3) 4 (0.6) , TT 2O(11) 64(12.1) .. 

n' ,<I '" '" 500 no 

TNf'-JOI Tm'.-
00 116(60.1) 41 6(61 .. 4) "" 00 "22O(I U ) 414(1) .6) "" OA 100m.7) 16-1(26.6) '" OA 4~( 1 1.I) U(14 $) III 
M 19(6,1) 37 (6.0) 56 M 1(0.4) 11 (1.9) " '" ' 17 '" ". '" .. , 

ILl "" 11.4.11. 
CO 141(47,9) JJ3(UJ) ... 00 61(34.9) 141(37.1) '" CT 121(4 1.4) lH(31.J) 3M OC U(42.6) 170(41.6) '" TT ))(10.7) )~(9.4) " CO " (n" 11(20.3) III 

50' '" '" '" '" ... 
l LI-J1 IUi .m 

CO ))(IS.O) 71 (1 ) ,9) 113 00 ISH~$) 1 1 1()~, 1) ". CT n(J5.0) 1I'9(otO.4) '" OC 111 (41.3) 2 1 ~(3~.6) Jll 
TT 1I1 (.so.0) 2U(o.7) m CC 6(2.2) 6(1.1) " '" ." no ,,, ll. ... 

1I,I .SIt IUi -!" 
TT ~~( 1 7. 1 ) 10)(11.1) "' 00 m(ot09) 234(42.0) '" TC 102(l),7) 216(31,1) '" OA 111 (41 .6) 214 (41.0) 1lI 
CO 135(41.2) U I (4J.0) )9' 4~ ( 1 7,4) 19(16.0) '" ", >I. OU '" '" '" 

II.1 .. JJS) 
CO 1sr1(61.0) 176(SI.5) m 
CT 1011(33.4) 223(34.7) m 
TT II (S.6) .... (6.1) ., 

Jll '0 
R_brthooPl~._III· t O!l7)on/y. II-monrh_rnN .... .-Iby5f>Ol'\' G .. ,oow,O'-"SCOO ....... dO:ho~d(l , 

lo"""'_.bI..",S-I .. onoblo). P ........... _r.COIICuI.t.dbyX" ...t. FQ ...... lrlboId ... thoo_IIIUt\'\boo'of .. "'p ... ....,......,~lyll'f"Otyp.:;l1cf 
tt .. ""rtlcYlar5UP. s..cc. .. ",lHv.!ledlromll 1.3'!1. (T t.F -23a) IQ!47'110 (ILa _ H4) . 

CLINICAL DATA 

ll\AIJ1ItionorlheattnissiondataaVlltl.:lblelor 
l1'iseohortol~bern.felall!!d lopo$$elllonol 

APOE , 4 

DISCUSSION 
Pn,lmnary dalll IllIIttM lor the ~1Ive c:ahOfI '" .lI5tr81ed ElICh 
IndrvocIu3I Sf'F lui been euf!W>ed lor an I~tlon wCh 6-monlt> woome, 
meUIRd uslrQ the Glasgow 0I.t00me Scale. No SNP has 1lI&d>ed 
logliIical'Cll III the 0.05 '-l elltough the TNFo.....J09 DIld TGFJI-800 
approocnalgnllicanc:e. Flrth!!rflrt.1tya.isliprooeedlnglooontrollorage, APOE 
gel"QfyPelndlrlllalCTrirdirgs 

Mer TBI TNFo 11 produced ~ m1crogIill n~.,.. en Irnportllnl ,Ole In me 
lnItiallon and~ oIlhe nelloWlammalory 1lI~ thai II provoMd. The 
elfectlol TNFllleQCIrotl1ltylleOOJloxic. The.....J09promoler SNPis as.&OCillled 
with elevated TNF levels lind \hit A a llele may !rerelen be lIuociat.!d with 
~ ne\l'O!Ollk:ily, whieh !My be marlfesl&d 8$ a poorei' clinical 

TGFJI ~ \hit tcbvatiorl 01 rrOt2og1ia lII'IerTBI, end I/Iut ~r"r exerts e 
nelloproledMl effed TM....509 and ...000 ~ ('wtrIeh lire ill 
linkage dilsequilobrun) ere IISsoWl&d with menGd ktYItls 01 TGFJI. /I rruy 
thl!ferorl bo!texpectecllhilllhe-800pot,~wouIdbo!t IISsoW\edwllhe 
belief 0lf00mIt enel lBi tb! 10 II IlIdLctlon In the di!!gee d 
ne~bOn. OIJ"resuftsseemtolLggllHlttnmeyholdtrue. 

Aalndiorrlo)dalxMt llJ"1her _lyslltoc:cnrotfOf other ladcnIs llIQI.ired 
belor.ccnnrmll1IlheHllnd.ogs. 

Anat(lls ,. allo l.nder'WIIy to diltecl nsodelionl betwHn OI..Coorne Ilnd wlJV>. 
QClm SN? h3p1otypel, end ctlect6 or QClN-geooinlcllIdicm. 

Study of Ill/! relrvtpOdMl oohCIt1 will erobll us 10 dillec:t mu;h Ioi"Qet Iei'm 
0lJ\IXIfl'lfI ctllI'dt (mean 18 yell'" posI TBJ) , ThIs oohor1l1lso hils detailed 
ne..-opol~1"Q1og1cII1 OUIoome measures which wit I/\IIble us 10 doelecl: any 
1nIIuenc:e or tMM eytolMe genM OIllatl c:ogMiYe declno. 

I._ ... ~( .. _ .... _ .. _ .. _ ____ • ",,",Opooc.oo;... 
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N .... oIog;;.lSc1.no ... O .. ,oow 

DNA .. "'~.nddlrlb r d.lIoboo .. ClOUrteo.yolhln_oI,.,...lObOk;:aISdonoIH., 
GIIo'OOW'.wittI'lhanQID~D. O",harn 
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_t..Ip.nd_;;' I"",,~"'-nor · [)o,r. 

TI'Ih. __ .fI.o>cM<I byHop., wittlopociol"anbIQ6ot>&<b.< 

~o~1C.t ., 
.:f0j'p ,,# 

195 



References 



References 

Ali C, Nicole 0, Docagne F, Lesne S, MacKenzie ET, Nouvelot A, Buisson A, 
Vivien D. Ischaemia-induced interleukin-6 as a potential endogenous 
neuroprotective cytokine against NMDA receptor-mediated excitotoxicity in the 
brain. J Cereb Blood Flow Metab 2000; 20: 956-966. 

Allan SM, Rothwell NJ. Cytokines and acute neurodegeneration. Nat Rev Neurosci 
2001; 2: 734-744. 

Allan SM, Rothwell NJ. Inflammation in central nervous system injury. Phil Trans 
R Soc Lond 2003; 358: 1669-1677. 

Araria-Goumidi L, Lambert JC. Mann DMA, Lendon C, Frigard B, Iwatsubo T, 
Cottel D, Amouyel P, Chartier-Harlin MC. Association study of three 
polymorphisms of TGF-~ 1 gene with Alzheimer's disease. J Neurol Neurosurg 
Psychiatry 2002; 73: 62-64. 

Arcaroli J, Fessler MB, Abraham E. Genetic polymorphisms and sepsis. Shock 
2005; 24: 300-312. 

Artiga MJ, Bullido MJ, Sastre I, Recuero M, Garcia MA, Aldudo J, Vazquez J, 
Valdivieso F. Allelic polymorphisms in the transcriptional regulatory region of 
apolipoprotein E gene. FEBS Letters 1998; 421: 105-108. 

Arvin B, Neville LF, Barone FC, Feuerstein GZ. The role of inflammation and 
cytokines in brain injury. Neurosci Biobehav Rev 1996; 20: 445-452. 

Barbaux S, Poirier 0, Cambien F. Use of degenerate oligonucleotide primed PCR 
(DOP-PCR) for the genotyping of low-concentration DNA samples. J Mol Med 
2001; 79: 329-332. 

Barone FC, Arvin B, White RF, Miller A, Webb CL, Willette RN, Lysko PG, 
Feuerstein GZ. Tumour necrosis factor-a; a mediator of focal ischaemic brain 
injury. Stroke 1997; 28: 1233-1244. 

Basu A, Krady JK, Enterline JR, Levison SW. Transforming growth factor ~ 1 
prevents IL-l ~-induced microglial activation, whereas TNFa- and IL-6-stimulated 
activation are not antagonised. Glia 2002; 40: 109-120. 

Basu A, Krady JK, Levison SW. Interleukin-l: A master regulator of 
neuroinflammation. J Neurosci Res 2004; 78: 151-156. 

Basu A, Lazovic J, Krady JK, Mauger DT, Rothstein RP, Smith MB, Levison SW. 
Interleukin-l and the interleukin-l type 1 receptor are essential for the progressive 
neurodegeneration that ensues subsequent to a mild hypoxic/ischaemic injury. J 
Cereb Blood Flow Metab 2005; 25: 17-29. 

Bayley JP, Ottenhoff TH, Verweij CL. Is there a future for TNF promoter 
polymorphisms? Genes Immun 2004; 5: 315-329. 



Bergen A W, Haque KA, Qi Y, Beerman MB, Garcia-Closas M, Rothman N, 
Chanock SJ. Comparison of yield and genotyping performance of multiple 
displacement amplification and Ornniplex ™ whole genome amplified DNA 
generated from multiple DNA sources. Human Mut 2005; 26: 262-270. 

Berry M, Butt AM. Structure and function of glia in the central nervous system. In: 
Graham DI, Lantos PL (eds), Greenfield's Neuropathology Sixth Edition. Arnold 
1997, pp 63-83. 

Bidwell J, Keen L, Gallagher G, Kimberley R, Huizinga T, McDermott MF, 
Oksenberg J, McNicholl J, Pociot F, Hardt C, D' Alfonso S. Cytokine gene 
polymorphism in human disease: online databases. Genes Immun 1999; 1: 1-17. 

Bidwell J, Keen L, Gallagher G, Kimberley R, Huizinga T, McDermott MF, 
Oksenberg J, McNicholl J, Pociot F, Hardt C, D' Alfonso S. Cytokine gene 
polymorphism in human disease: online databases, Supplement 1. Genes Immun 
2001; 2: 61-70. 

Botstein D, Risch N. Discovering genotypes underlying human phenotypes: past 
successes for Mendelian disease, future approaches for complex disease. Nature 
Genetics 2003; 33: s228-s237. 

Brookes AJ. The essence ofSNPs. Gene 1999: 234: 177-186. 

Brookes AJ, Prince JA. Genetic association analysis: lessons from the study of 
Alzheimers disease. Mutat Res 2005; 573: 152-159. 

Brewer GJ. Isolation and culture of adult rat hippocampal neurons. J Neurosci 
Methods 1997; 71: 143-155. 

Bullido MJ, Valdivieso F. Apolipoprotein E gene promoter polymorphisms m 
Alzheimer's disease. Microsc Res Tech 2000; 50: 261-267. 

Carlson NG, Wieggel W A, Chen J, Bacchi A, Rogers SW, Gahring LC. 
Inflammatory cytokines IL-l alpha, IL-l beta, IL-6 and TNF -alpha impart 
neuroprotection to an excitotoxin through distinct pathways. J Immunol 1999; 163: 
3963-3968. 

Castle WE. The laws of heredity of Galton and Mendel, and some laws governing 
race improvement by selection. Proc Am Acad Arts Sci 1903; 39: 223-242. 

Chamelian L, Reis M, Feinstein A. Six-month recovery from mild to moderate 
traumatic brain injury: the role of APOE-c:4 allele. Brain 2004; 127: 2621-2628. 

Chen H, Wilkins LM, Aziz N, Cannings C, Wyllie DH, Bingle C, Rogus J, Beck JD, 
Offenbacher S, Cork MJ, Rafie-Kolpin M, Hsieh C-M, Komman KS, Duff GW. 
Single nucleotide polymorphisms in the human interleukin-l B gene affect 
transcription according to haplotype context. Hum Mol Genet 2006, 15; 519-529. 



Cheng B, Christakos S, Mattson MP. Tumour necrosis factors protect neurons 
against metabolic-excitotoxic insults and promote maintenance of calcium 
homeostasis. Neuron 1994; 12: 139-153. 

Cheung VG, Nelson SF. Whole genome amplification using a degenerate 
oligonucleotide primer allows hundreds of genotypes to be performed on less than 
one nanogram of genomic DNA. Proc Nat1 Acad Sci USA 1996; 93: 14676-14679. 

Chiang MF, Chang JG, Hu CJ. Association between apolipoprotein E genotype and 
outcome of traumatic brain injury. Acta Neurochir 2003; 145: 649-654. 

Chiaretti A, Genovese 0, Aloe L, Antonelli A, Piastra M, Polidori G, Di Rocco C. 
Interleukin 1 ~ and interleukin 6 relationship with paediatric head trauma severity and 
outcome. Childs N erv S yst 2005; 21: 185-193. 

Clark AG. The role ofhaplotypes in candidate gene studies. Genet Epidemiol 2004; 
27: 321-333. 

Collins FS, Brooks LD, Chakravarti A. A DNA polymorphism discovery resource 
for research on human genetic variation. Genome Res 1998; 8: 1229-1231. 

Collins JS, Perry RT, Watson B, Harrell LE, Acton RT, Blacker D, Albert MS, Tanzi 
RE, Bassett SS, McInnis MG, Campbell RD, Go RC. Association of a haplotype for 
TNF in siblings with late-onset Alzheimer's disease: the NIMH Alzheimer Disease 
Genetics Initiative. Am J Med Genet 2000; 96: 823-830. 

Cordell HJ, Clayton DG. Genetic association studies. Lancet 2005; 366: 1121-1131. 

Corkin S, Rosen TJ, Sullivan EV, Clegg RA. Penetrating head injury in young 
adulthood exacerbates cognitive decline in later years. J Neurosci 1989; 9: 3876-
3883. 

Crawford FC, Vanderploeg RD, Freeman MJ, Singh S, Waisman M, Michaels L, 
Abdullah L, Warden D, Lipsky R, Salazar A, Mullan MJ. APOE genotype 
influences acquistion and recall following traumatic brain injury. Neurology 2002; 
58: 1115-1118. 

Culpan D, MacGowan SH, Ford JM, Nicoll JA, Griffin WS, Dewar D, Cairns NJ, 
Hughes A, Kehoe PG, Wilcock GK. Tumour necrosis factor-a gene polymorphisms 
and Alzheimer's disease. Neurosci Lett 2003; 350: 61-65. 

Davalos D, Grutzendler J, Yang G, Kim JV, Zuo Y, Jung S, Littman DR, Dustin 
ML, Gan W-B. ATP mediates rapid microglial response to local brain injury in­
vivo. Nature Neurosci 2005; 8: 752-758. 

Day IN, Humphries SE, Richards S, Norton D, Reid M. High-throughput genotyping 
using horizontal polyacrylamide gels with wells arranged for microplate array 
diagonal gel electrophoresis (MADGE). BioTechniques 1995; 19: 830-835. 



Dean FB, Nelson JR, Giesler TL, Lasken RS. Rapid amplification of plasmid and 
phage DNA using Phi29 DNA polymerase and multiply-primed rolling circle 
amplification. Genome Res 2001; 11: 1095-1099. 

Demetriades D, Kuncir E, Velrnahos G, Rhee P, Alo K, Chan L. Outcome and 
prognostic factors in head injuries with an admission Glasgow Coma Scale score of 
3. Arch Surg 2004; 139: 1066-1068. 

Diaz-Arrastia R, Gong Y, Fair S, Scott KD, Garcia MC, Carlile MC, Agostini MA, 
Van Ness PC. Increased risk of late posttraumatic seizures associated with 
inheiritance of APOE c:4 allele. Arch N eurol 2003; 60: 818-822. 

Dickson MR, Perry RT, Wiener H, Go RC. Association studies of transforming 
growth factor-beta 1 and Alzheimer's disease. Am J Med Genet B Neuropsychiatr 
Genet 2005; 139: 38-41. 

EI-Ornar EM, Carrington M, Chow WH, McColl KE, Bream JH, Young HA, Herrera 
J, Lissowska J, Yuan CC, Rothman N, Lanyon G, Martin M, Fraumeni JF Jr, Rabkin 
CS. Interleukin-1 polyrnorphisms associated with increased risk of gastric cancer. 
Nature 2000; 404: 398-402. 

Ember JA, Hugli TE. Coplement factors and their receptors. Immunopharmacology 
1997; 38: 3-15. 

Estaban JA, Salas M, Blanco L. Fidelity of Phi29 DNA polymerase. Comparison 
between protein primed initiation and DNA polymerisation. J BioI Chern 1993; 268: 
2719-2726. 

Fan L, Young PR, Barone FC, Feuerstein GZ, Smith DH, McIntosh TK. 
Experimental brain injury induces differential expression of tumour necrosis factor­
alpha mRNA in the CNS. Mol Brain Res 1996; 36: 287-291. 

Fey GH, Gauldie J. The acute phase response of the liver in inflammation. Prog 
Liver Dis 1990; 9: 89-116. 

Finch CE, Laping NJ, Morgan TE, Nichols NR, Pasinetti GM. TGF~-l is an 
organiser of responses to neurodegeneration. J Cell Biochem 1993; 53: 314-322. 

Finfer SR, Cohen J. Severe traumatic brain injury. Resuscitation 2001; 48: 77-90. 

Fink KB, Andrews LJ, Butler WE, Ona VO, Li M, Bogdanov M, Endres M, Khan 
SQ, Namura S, Stieg PE, Beal MF, Moskowitz MA, Yuan J, Friedlander RM. 
Reduction of post-traumatic brain injury and free radical production by inhibition of 
the caspase-1 cascade. Neuroscience 1999; 94: 1213-1218. 

Finley M, Fairman D, Liu D, Li P, Wood A, Cho S. Functional validation of adult 
hippocampal organotypic cultures as an in vitro model of brain injury. Brain Res 
2004; 1001: 125-132. 



Flanders KC, Ren RF, Lippa CF. Transfonning Growth Factor-~s III 

neurodegenerative disease. Prog Neurobiol1998; 54: 71-85. 

Fleminger S, Oliver DL, Lovestone S, Rabe-Hesketh S, Giora A. Head injury as a 
risk factor for Alzheimer's disease: the evidence 10 years on; a partial replication. J 
Neurol Neurosurg Psychiatry 2003; 74: 857-862. 

Flex A, Gaetani E, Papaleo P, Straface G, Proia A, Pecorini G, Tondi P, Pola P, Pola 
R. Proinflammatory genetic profiles in subjects with history of ischaemic stroke. 
Stroke 2004; 35: 2270-2275. 

Freeman B, Powell J, Ball D, Hill L, Craig 1, Plomin R. DNA by mail: an 
inexpensive and non-invasive method for collecting DNA samples from widely 
dispersed populations. Behav Genet 1997; 27: 251-257. 

Frey LC. Epidemiology of posttraumatic epilepsy: a critical review. Epilepsia 2003; 
44 Suppl10: 11-17. 

Friedman G, Froom P, Sazbon L, Grinblatt I, Shochina M, Tsenter J, Babaey S, 
Yehuda B, Groswasser Z. Apolipoprotein E-epsilon4 genotype predicts a poor 
outcome in survivors of traumatic brain injury. Neurology 1999; 52: 244-48. 

Gahwiler BH. Development of the hippocampus in vitro: cell types, synapses and 
receptors. Neuroscience 1984; 11: 751-760. 

Gambaro G, Anglani F, D'Angelo A. Association studies of genetic polymorphisms 
and complex disease. Lancet 2000; 355: 308-311. 

Garcia-Closas M, Egan KM, Abruzzo J, Newcomb PA, Titus-EmstoffL, Franklin T, 
Bender PK, Beck JC, Le Marchand L, Lum A, Alavanja M, Hayes RB, Rutter J, 
Buetow K, Brinton LA, Rothman N. Collection of genomic DNA from adults in 
epidemiological studies by buccal cytobrush and mouthwash. Cancer Epidemiol 
Biomarkers Prev 2001; 10: 687-696. 

Gaunt TR, Hinks LJ, Rassoulian H, Day IN. Manual 768 or 384 well microplate gel 
'dry' electrophoresis for PCR checking and SNP genotyping. Nucleic Acids Res 
2003; 31: e48. 

Gennarelli TA, Thibault LE, Adams JH, Graham DI, Thompson CJ, Marcincin RP. 
Diffuse axonal injury and traumatic coma in the primate. Ann Neuro11982; 12; 564-
572. 

Gentleman SM, Leclercq PD, Moyes L, Graham DI, Smith C, Griffin WST, Nicoll 
JAR. Long-tenn intracerebral inflammatory response after traumatic brain injury. 
Forensic Science Intemationa12004; 146:97-104. 

Goodman JC, Robertson CS, Grossman RG, Narayan RK. Elevation of tumour 
necrosis factor in head injury. J Neuroimmunol1990; 30: 213-217. 



Gordon AC, Lagan AL, Aganna E, Cheung L, Peters CJ, McDermott MF, Millo JL, 
Welsh KI, Holloway P, Hitman GA, Piper RD, Garrard CS, Hinds CJ. TNF and 
TNFR polymorphisms in severe sepsis and septic shock: a prospective multicenter 
study. Genes Immun 2004; 5: 631-640. 

Gourin CG, Shackford SR. Production of tumour necrosis factor-alpha and 
interleukin-1 beta by human cerebral microvascular endothelium after percussive 
trauma. J Trauma 1997; 42: 1101-1107. 

Graham DI, McIntosh TK, Maxwell WL, Nicoll JA. Recent Advances III 

Neurotrauma. J Neuropathol Exp Neuro12000; 59: 641-651. 

Grainger DJ, Heathcote K, Chiano M, Sneider H, Kemp PR, Metcalfe JC, Carter ND, 
Spector TD. Genetic control of the circulating concentration of transforming growth 
factor type ~1. Hum Mol Gen 1999; 8: 93-97. 

Grant SF, Steinlicht S, Nentwich U, Kern R, Burwinke1 B, Tolle R. SNP genotyping 
on a genome-wide amplified DOP-PCR template. Nucleic Acids Res 2002; 30: 
e125. 

Graulich J, Hoffmann U, Maier RF, Ruscher K, Pomper JK, Ko HK, Gabriel S, 
Ob1aden M, Heinemann U. Acute neuronal injury after hypoxia is influenced by the 
re-oxygenation mode in juvenile hippocampal slice cultures. Brain Res Dev Brain 
Res 2002; 137: 35-42. 

Greisenegger S, Endler G, Haering D, Schillinger M, Lang W, Lalouschek W, 
Mannhalter C. The (-174) G/C polymorphism in the interleukin-6 gene is associated 
with the severity of acute cerebrovascular events. Thromb Res 2003; 110: 181-186. 

Griffin WST, Stanley LC, Ling C, White L, Macleod V, Perrot LJ, White III CL, 
Aroz C. Brain interleukin 1 and S-100 immunoreactivity are elevated in Down 
syndrome and Alzheimer disease. Proc Nat Acad Sci USA 1989; 86: 7611-7615. 

Grimaldi LME, Martino GV, Franciotta DM, Brustia R, Costagno A, Pristera R, 
Lazzarin A. Elevated tumour necrosis factor-alpha levels in spinal fluid from HIV-1 
infected patients with central nervous system involvement. Ann Neurol 1991; 29: 
21-25. 

Grimaldi LME, Casadei VM, Ferri C, Veglia F, Licastro F, Annoni G, Biunno I, De 
Bellis G, Sorbi S, Mariani C, Canal N, Griffin WS, Franceschi M. Association of 
Early-Onset Alzheimer's Disease with an Interleukin-1a Gene Polymorphism. 
Annals of Neurology 2000; 47: 361-365. 

Guo Z, Cupples LA, Kurz A, Auerbach SH, Volicer L, Chui H, Green RC, 
Sadovnick AD, Duara R, DeCarli C, Johnson K, Go RC, Growdon JH, Haines JL, 
Kukull W A, Farrer LA. Head Injury and the risk of AD in the MIRAGE study. 
Neurology 2000; 54: 1316-1323. 



Gutman CR, Strittmater WJ, Weisgraber KH, Matthew WD. Apolipoprotein E binds 
to and potentiates the biological activity of ciliary neurotrophic factor. J Neurosci 
1997; 17: 6114-6121. 

Hailer NP, Vogt C, Korf HW, Dehghani F. Interleukin-1beta exacerbates and 
interleukin-1 receptor antagonist attenuates neuronal injury and microglial activation 
after excitotoxic damage in organotypic hippocampal slice cultures. Eur J Neurosci 
2005; 21: 2347-2360. 

Hammond FM, Grattan KD, Sasser H, Corrigan JD, Rosenthal M, Bushnik T, Shull 
W. Five years after traumatic brain injury: a study of individual outcomes and 
predictors of change in function. NeuroRehabilitation 2004; 19: 25-35. 

Harcos P, Laki J, Kiszel P, Szeplaki Z, Szolnoki Z, Kovacs M, Melegh B, Szeplaki 
G, Fust G, Blasko B. Decreased frequency of the TNF2 allele of TNF-alpha -308 
promoter polymorphism is associated with lacunar infarction. Cytokine 2006; 33, 
100-105. 

Hardy GH. Mendelian proportions in a mixed population. Science 1908; 18: 49-50. 

Haukim N, Bidwell JL, Smith AJP, Keen LJ, Gallagher G, Kimberley R, Huizinga T, 
McDermott MF, Oksenberg J, McNicholl J, Pociot F, Hardt C, D' Alfonso S. 
Cytokine gene polymorphism in human disease: online databases, Supplement 2. 
Genes Immun 2002; 3: 313-330. 

Hayakata T, Shiozaki T, Tasaki 0, Ikegawa H, Inoue Y, Toshiyuki F, Hosotubo H, 
Kieko F, Yamashita T, Tanaka H, Shimazu T, Sugimoto H. Changes in CSF S100B 
and cytokine concentrations in early-phase severe traumatic brain injury. Shock 
2004; 22: 102-107. 

Hayes A, Green EK, Pritchard A, Harris JM, Zhang Y, Lambert JC, Chartier-Harlin 
MC, Pickering-Brown SM, Lendon CL, Mann DMA. A polymorphic variation in 
the interleukin 1A gene increases brain microglial cell activity in Alzheimer's 
disease. J Neurol Neurosurg Psychiatry 2004; 75: 1475-1477. 

Hefler LA, Grimm C, Lantzsch T, Lampe D, Leodolter S, Koebl H, Heinze G, 
Reinthaller A, Tong-Cacsire D, Tempfer C, Zeillinger R. Interleukin-1 and 
interleukin-6 gene polymorphisms and the risk of breast cancer in Caucasian women. 
Clin Cancer Res 2005; 11: 5718-5721. 

Herrmann 0, Tarabin V, Suzuki S, Attigah N, Coserea I, Schneider A, Vogel J, Prinz 
S, Scwab S, Monyer H, Brombacher F, Schwaninger M. Regulation of body 
temperature and neuroprotection by endogenous interleukin-6 in cerebral ischaemia. 
J Cereb Blood Flow Metab 2003; 23: 406-415. 

Hirschhorn IN, Lohmuller K, Byrne E, Hirschhorn K. A comprehensive review of 
genetic association studies. Genet Med (2002); 4: 45-61. 

Holbrook JF, Stabley D, Sol-Church K. Exploring whole genome amplification as a 
DNA recovery tool for molecular genetic studies. J Biomol Tech 2005; 16: 125-133. 



Hulkkonen J, Laippala P, Hurme M. A rare allele combination of the interleukin-l 
complex is associated with high interleukin-l beta plasma levels in healthy 
individuals. Eur Cytokine Netw 2000,11; 251-255. 

Holland PM, Abramson RD, Watson R, Gelfand DH. Detection of specific 
polymerase chain reaction product by utilising the 5'-3' exonuclease activity of 
Thermus aquaticus DNA polymerase. Proc Natl Acad Sci USA 1991; 88: 7276-
7280. 

Holloway JW, Beghe B, Turner S, Hinks LJ, Day INM, Howell WM. Comparison 
of three methods for single nucleotide polymorphism typing for DNA bank studies: 
sequence-specific oligonucleotide probe hybridisation and microplate array diagonal 
gel electrophoresis (MADGE). Human Mut 1999; 14: 340-347. 

Holmin S, Soderlund J, Biberfeld P, Mathiesen T. Intracerebral inflammation after 
human brain contusion. Neurosurgery 1998; 42: 291-298. 

Holmin S, Hojeberg B. In situ detection of intracerebral cytokine expression after 
human brain contusion. Neurosci Lett 2004; 369: 108-114. 

Hopkins SJ, Rothwell NJ. Cytokines and the nervous system I: Expression and 
recognition. Trends Neurosci 1995; 18: 83-88. 

Horsburgh K, Nicoll JA. Selective cellular alterations in amyloid precursor protein 
and apolipoprotein E after transient global ischaemia in the rat. Alzheimer Res 1996; 
2: 37-42. 

Horsburgh K, Fitzpatrick M, Nilsen M, Nicoll JA. Marked alterations in the cellular 
localization and levels of apolipoprotein E following acute subdural haematoma in 
rat. Brain Res 1997; 763: 103-110. 

Horsburgh K, Graham DI, Stewart J, Nicoll JA. Influence of apolipoprotein E 
genotype on neuronal damage and apoE immunoreactivity in human hippocampus 
following global ischaemia. J Neuropathol Exp Neuroll999; 58:227-234. 

Horsburgh K, McCarron MO, White F, Nicoll JA. The role of apolipoprotein E in 
Alzheimer's disease, acute brain injury and cerebrovascular disease: evidence of 
common mechanisms and utility of animal models. N eurobiol Aging 2000; 21: 245-
255. 

Huang SL, Su CH, Chang SC. Tumour necrosis factor-alpha gene polymorphism in 
chronic bronchitis. Am J Respir Crit Care Med 1997; 156: 1436-1439. 

Ioannidis JP, Ntzani EE, Trikalinos TA, Contopoulos-Ioannidis DG. Replication 
validity of genetic association studies. Nat Genet 2001; 29: 306-309. 

Inomata Y, Hirata A, Yonemura N, Koga T, Kido N, Tanihara H. Neuroprotective 
effects of interleukin-6 on NMDA-induced rat retinal damage. Biochem Biophys 
Res Commun 2003; 302: 226-232. 



Jennett B, Bond M. Assessment of outcome after severe brain damage. Lancet 
1975; 1: 480-484. 

Ji ZS, Miranda RD, Newhouse YM, Weisgraber KH, Huang Y, Mahley RW. 
Apolipoprotein E4 potentiates amyloid beta peptide-induced lysosomal leakage and 
apoptosis in neuronal cells. J BioI Chern 2002; 277: 21821-21828. 

Johnson GC, Esposito L, Barratt BJ, Smith AN, Heward J, Di Genova G, Ueda H, 
Cordell HJ, Eaves lA, Dudbridge F, Twells RC, Payne F, Hughes W, Nutland S, 
Stevens H, Carr P, Tuomilehto-WolfE, Tuomilehto J, Gough SC, Clayton DG, Todd 
JA. Haplotype tagging for the identification of common disease genes. Nat Genet 
2001; 29: 233-237. 

Johnson VJ, Yucesoy B, Luster MI. Genotyping of single nucleotide polymorphisms 
in cytokine genes using real-time PCR allelic discrimination technology. Cytokine 
2004; 27: 135-141. 

Jones NC, Prior MJ, Burden-The E, Marsden CA, Morris PG, Murphy S. 
Antagonism of the interleukin-l receptor following traumatic brain injury in the 
mouse reduces the number of nitric oxide synthase-2-positive cells and improves 
anatomical and functional outcomes. Eur J Neurosci 2005; 22: 72-78. 

Jordan J, Galindo MF, Miller RJ, Reardon CA, Getz GS, LaDu MJ. Isoform-specific 
effect of apolipoprotein E on cell survival and beta-amyloid-induced toxicity in rat 
hippocampal pyramidal neuronal cultures. J Neurosci 1998; 18: 195-204. 

Kamada H, Sato K, Zhang WR, Omori N, Nagano 1, Shoji M, Abe K. 
Spatiotemporal changes of apolipoprotein E immunoreactivity and apolipoprotein E 
mRNA expression after transient middle cerebral artery occlusion in rat brain. J 
Neurosci Res 2003; 73: 545-556. 

Kay A, Teasdale G. Head Injury in the United Kingdom. World J Surgery 25; 2001: 
1210-1220. 

Kay AD, Day SP, Kerr M, Nicoll JA, Packard CJ, Caslake MJ. Remodelling of 
cerebrospinal fluid lipoprotein particles after human traumatic brain injury. J 
Neurotrauma 2003; 8: 717-723. 

Kim WK, Hwang SY, Oh ES, Piao HZ, Kim KW, Han 10. TGF~ 1 represses 
activation and resultant death of microglia via inhibition of phosphatidylinositol 3-
kinase activity. J Immunol 2004; 172: 7015-7023. 

Kimelberg HK. Current concepts of brain edema. Review of laboratory 
investigations. J N eurosurg 1995; 83: 1051-9. 

King IB, Satia-Abouta J, Thomquist MD, Bigler J, Patterson RE, Kristal AR, 
Shattuck AL, Potter JD, White E, Abouta JS. Buccal cell DNA yield, quality and 
collection costs: Comparison of methods for large scale-studies. Cancer Epidemiol 
Biomarkers Prevo 2002; 11: 1130-1133. 



Kroeger KM, Carville KS, Abraham LJ. The -308 tumour necrosis factor-a 
promoter polymorphism effects transcription. Mol Immunol1997; 34: 391-399. 

Kwok PY. High-throughput genotyping assay approaches. Pharmacogenomics 
2000; 1: 95-100. 

Lander ES, Botstein D. Strategies for studying heterogeneous genetic traits III 

humans by using a linkage map of restriction fragment length polymorphisms. Proc 
Natl Acad Sci USA 1986; 83: 7353-7357. 

Laskowitz DT, Thekdi AD, Thekdi SD, Han SK, Myers JK, Pizzo SV, Bennett ER. 
Downregulation of microglial activation by apolipoprotein E and apoE-mimetic 
peptides. Exp Neuro12001; 167: 74-85. 

Lawlor DA, Day IN, Gaunt TR, Hinks LJ, Briggs PJ, Kiessling M, Timpson N, 
Davey Smith G, Ebrahim S. The association of the PON1 Q192R polymorphism 
with coronary heart disease: findings from the British Women's Heart and Health 
cohort study and a meta-analysis. BMC Genet 2004: 5: 17. 

Lawrence CB, Allan SM, Rothwell NJ. Interleukin-1~ and the interleukin-1 receptor 
antagonist act in the striatum to modify excitotoxic brain damage in the rat. Eur J 
Neurosci 1998; 10: 1188-1195. 

Laws SM, Hone E, Gandy S, Martins RN. Expanding the association between the 
APOE gene and the risk of Alzheimer's disease: possible roles for APOE promoter 
polymorphisms and alterations in APOE transcription. J Neurochem 2003; 84: 1215-
1236. 

Laws SM, Pemeczky R, Wagenpfeil S, Muller U, Forstl H, Martins RN, Kurz A, 
Riemenschneider M. TNF po1ymorphisms in Alzheimer disease and functional 
implications on CSF beta-amyloid levels. Hum Mutat 2005; 26: 29-35. 

Leal SM. Detection of genotyping errors and pseudo-SNPs via deviations from 
Hardy-Weinberg equilibrium. Genet Epidemio12005; 29: 204-214. 

Lee LG, Connell CR, Bloch W. Allelic discrimination by nick-translation PCR with 
fluorogenic probes. Nucleic Acids Res 1993; 21: 3761-3766. 

Legos JJ, Whitmore RG, Erhardt JA, Parsons AA, Tuma RF, Barone FC. 
Quantitative changes in interleukin proteins following focal stroke in the rat. 
Neurosci Lett 2000; 282: 189-192. 

Lendon CL, Han BH, Salimi K, Fagan AM, Behrens MI, Muller MC, Holtzman DM. 
No effect of apolipoprotein E on neuronal cell death due to excitotoxic and apoptotic 
agents in vitro and neonatal hypoxic ischaemia in vitro. Eur J Neurosci 2000; 12: 
2235-2242. 



Lendon CL, Harris JM, Pritchard AL, Nicoll JAR, Teasdale GM, Murray G. Genetic 
variation of the APOE promoter and outcome after head injury. Neurology 2003; 61: 
683-685. 

Lenzlinger PM, Morganti-Kossman M-C, Laurer HL, McIntosh TK. The duality of 
the inflammatory response to traumatic brain injury. Mol Neurobiol 2001; 24: 169-
181. 

Leung CH, Poon WS, Yu LM, Wong GK, Ng HK. Apolipoprotein E genotype and 
outcome in aneurysmal subarachnoid haemorrhage. Stroke 2002; 33: 548-552. 

Leviel K, Olarte M, Sullivan PF. Genotyping accuracy for whole-genome 
amplification of DNA from buccal epithelial cells. Twin Res 2004; 7: 482-484. 

Liaquat I, Dunn LT, Nicoll JAR, Teasdale GM, Norrie JD. Effect of apolipoprotein 
E genotype on hematoma volume after trauma. J Neurosurg 2002; 96: 90-96. 

Liberman IN, Stewart WF, Wesnes K, Troncoso J. Apolipoprotein E 1':4 and short­
term recovery from predominantly mild brain injury. Neurology 2002; 58: 1038-
1044. 

Licastro F, Pedrini S, Caputo L, Annoni G, Davis LJ, Ferri C, Casadei V, Grimaldi 
LM. Increased plasma levels of interleukin-1, interleukin-6 and alpha-1-
antichymotrypsin in patients with Alzheimer's disease: peripheral inflammation or 
signals from the brain? J Neuroimmuno12000; 103: 97-102. 

Licastro F, Grimaldi LM, Bonafe M, Martina C, Oliveri F, Cavallone L, Giovanetti 
S, Masliah E, Franceschi C. Interleukin-6 gene alleles affect the risk of Alzheimer's 
disease and levels of the cytokine in blood and brain. Neurobiol Aging 2003; 24: 
921-926. 

Lichtman SW, Seliger G, Tycko B, Marder K. Apolipoprotein E and functional 
recovery from brain injury following postacute rehabilitation. Neurology 2000; 55: 
1536-1539. 

Lio D, Annoni G, Licastro F, Crivello A, Forte GI, Scola L, Colonna-Romano G, 
Candore G, Arosio B, Galimberti L, Vergani C, Caruso C. Tumour necrosis factor­
alpha -308 AlG polymorphism is associated with age at onset of Alzheimer's 
disease. Mech Ageing Dev 2006; 127,567-571. 

Locksley RM, Killeen N, Lenardo MJ. The TNF and TNF receptor superfamilies: 
integrating mammalian biology. Cell 2001; 104: 487-501. 

Loddick SA, Tumbull AV, Rothwell NJ. Cerebral interleukin-6 is neuroprotective 
during permanent focal cerebral ischaemia in the rat. J Cereb Blood Flow Metab 
1998; 18: 176-179. 

Lu J, Moochhala S, Kaur C, Ling E. Changes in apoptosis-related protein CP53, Bax, 
Bcl-2 and Fos) expression with DNA fragmentation in the central nervous system in 
rats after closed head injury. Neurosci Lett 2000; 290: 89-92. 



Lu KT, Wang YW, Yang JT, Yang YL, Chen HI. Effect of interleukin-l on 
traumatic brain injury-induced damage to hippocampal neurons. J Neurotrauma 
2005; 22: 885-895. 

Luedecking EK, DeKosky ST, Mehdi H, Ganguli M, Kamboh MI. Analysis of 
genetic polymorphisms in the transforming growth factor-beta1 gene and the risk of 
Alzheimer's disease. Hum Genet 2000; 106: 565-569. 

Lynch JR, Morgan D, Mance J, Matthew WD, Laskowitz DT. Apolipoprotein E 
modulates glial activation and endogenous central nervous system inflammatory 
response. J Neuroimmunol2001; 114: 107-113. 

Lynch JR, Wang H, Mace B, Leinenweber S, Warner DS, Bennett ER, Vitek MP, 
McKenna S, Laskowitz DT. A novel therapeutic derived from apolipoprotein E 
reduces brain inflammation and improves outcome after closed head injury. Exp 
Neuro12005; 192: 109-116. 

Ma P, Chen D, Pan J, Du B. Genomic polymorphism within interleukin-l family 
cytokines influences the outcome of septic patients. Crit Care Med 2002; 30: 1169-
69. 

Maes M, DeVos N, Wauters A, Demedts P, Maurits VW, Neels H, Bosmans E, 
Altamura C, Lin A, Song C, Vandenbroucke M, Scharpe S. Inflammatory markers 
in younger vs elderly normal volunteers and in patients with Alzheimer's disease. J 
Psychiatr Res 1999; 33: 397-405. 

Mamone JT. A method for representatively amplifying genomIC DNA. 
Genomic/Proteomic Tech 2003; April/May 

Mann CL, Davies MB, Stevenson VL, Leary SM, Boggild MD, Ko Ko C, Jones PW, 
Fryer AA, Strange RC, Thompson AJ, Hawkins CP. Interleukin 1 genotypes in 
multiple sclerosis and relationship to disease severity. J Neuroimmunol 2002; 129: 
197-204. 

Marshall LF, Marshall SB, Klauber MR, van Berkum-Clark M, Eisenberg HM, Jane 
JA, Luerssen TG, Marmarou A, Foulkes MA. A new classification of head injury 
based on computerized tomography. J Neurosurg 1991 [Suppl]; 75: S14-S20. 

Martinez-Lucas P, Moreno-Cuesta J, Garcia-Olmo DC, Sanchez-Sanchez F, 
Escribano-Martinez J, Cuartero del Pozo A, Lizan-Garcia M, Garcia-Olmo D. 
Relationship between the Arg72Pro polymorphism of p53 and outcome for patients 
with traumatic brain injury. Intensive Care Med 2005; 31: 1168-1173. 

Masson F, Vecsey J, Salmi LR, Dartigues JF, Erny P Maurette P. Disability and 
handicap 5 years after a head injury: a population-based study. J Clin Epidemiol 
1997; 50: 595-601. 



Mayeux R, Ottman R, Maestre G, Ngai C, Tang MX, Ginsberg H, Chun M, Tycko B, 
Shelanski M. Synergistic effects of traumatic head injury and apolipoprotein-c:4 in 
patients with Alzheimer's disease. Neurology 1995; 45: 555-557. 

McCarron MO, Muir KW, Weir CJ, Dyker AG, Bone I, Nicoll JA, Lees KR. The 
apolipoprotein E c:4 allele and outcome in cerebrovascular disease. Stroke 1998; 29: 
1882-1887. 

McCarron MO, Weir CJ, Muir KW, Hoffinann KL, Graffagnino C, Nicoll JA, Lees 
KR, Alberts MJ. Effect of apolipoprotein E genotype on in-hospital ·mortality 
following intracerebral haemorrhage. Acta N eurol Scand 2003; 107: 106-109. 

McCulley MC, Day INM, Holmes C. Association between interleukin 1-~ promoter 
(-511) polymorphism and depressive symptoms in Alzheimer's disease. Am J Med 
Genet B Neuropsychiatr Genet 2004; 124:50-53. 

McGeer PL, McGeer EG. Polymorphisms in inflammatory genes and the risk of 
Alzheimer disease. Arch Neurol 2001; 58: 1790-1792. 

McGuire W, Hill AV, Allsopp CE, Greenwood BM, Kwiatkowski D. Variation in 
the TNF-alpha promoter region associated with susceptibility to cerebral malaria. 
Nature 1994; 371: 508-510. 

McKeating EG, Andrews PJ. Cytokines and adhesion molecules ill acute brain 
injury. Br J Anaesthes 1998; 80: 77-84. 

Michikawa M, Yanagisawa K. Apolipoprotein E4 isoform-specific actions on 
neuronal cells in culture. Mech Ageing Dev 1999; 107: 233-243. 

Millar K, Nicoll JAR, Thornhill S, Murray GD, Teasdale GM. Long term 
neuropsychological outcome after head injury: relation to APOE genotype. J Neurol 
Neurosurg Psychiatry 2003; 74:1047-1052. 

Minambres E, Cemborain A, Sanchez-Velasco, Gandarillas M, Diaz-Reganon G, 
Sanchez-Gonzalez D, Leyva-Cobian F. Correlation between trans cranial interleukin-
6 gradient and outcome in patients with acute brain injury. Crit Care Med 2003; 31: 
933-938. 

Morrison B, Pringle AK, McManus T, Ellard J, Bradley M, Iannotti F, Sundstrom 
LE. L-Arginyl-3, 4-spermidine is neuroprotective in several in vitro models of 
neurodegeneration and in vivo ischaemia without suppressing synaptic transmission. 
Br J Pharmacol2002; 137: 1255-1268. 

Mortimer JA, van Duijn CM, Chandra V, Fratiglioni L, Graves AB, Heyman A, Jonn 
AF, Kokmen E, Kondo K, Rocca W A et al. Head trauma as a risk factor for 
Alzheimer's disease: a collaborative re-analysis of case-control studies. Int J 
Epidemiol1991; 20 Suppl2: S28-S35. 



Mullis K, Faloona F, Scharf S, Saiki R, Hom G, Erhlich H. Specific enzymatic 
amplification of DNA in vitro: the polymerase chain reaction. Cold Spring Harb 
Symp Quant BioI 1986; 51: 263-273. 

Murray GD, Teasdale GM, Braakman R, Cohadon F, Dearden M, Iannotti F, Karimi 
A, Lapierre F, Maas A, Ohman J, Persson L, Servadei F, Stocchetti N, Trojanowski 
T, Unterberg A. The European Brain Injury Consortium Survey of Head Injuries. 
Acta Neurochir 1999; 141: 223-36. 

Miyata M, Smith JD. Apolipoprotein E allele-specific antioxidant activity and 
effects on cytotoxicity by oxidative insults and beta-amyloid peptides. Nat Genet 
1996; 14; 55-61. 

Nathoo N, Chetry R, Van Dellen JR, Connolly C, Naidoo R. Apolipoprotein E 
polymorphism and outcome after closed traumatic brain injury: influence of ethnic 
and regional differences. J Neurosurg 2003; 98: 302-306. 

Nawashiro H, Martin D, Hallenbeck JM. Inhibition of tumour necrosis factor and 
amelioration of brain infarction in mice. J Cereb Blood Flow Metab 1996; 17: 229-
232. 

Newell DW, Barth A, Malouf AT. Glycine site NMDA receptor antagonists provide 
protection against ischaemia-induced neuronal damage in hippocampal slice cultures. 
Brain Res 1995; 675: 38-44. 

Newton CR, Graham A, Heptinstall LE, Powell SJ, Summers C, Kalsheker N, Smith 
JC. Analysis of any point mutation in DNA: the amplification refractory mutation 
system (ARMS). Nucleic Acids Res 1989; 17: 2503-2516. 

Newton-Cheh C, Hirshhom IN. Genetic association studies of complex traits: design 
and analysis issues. Mutat Res 2005; 573: 54-96. 

Nicoll JA, Roberts GW, Graham DI. Apolipoprotein E c:4 allele is associated with 
deposition of amyloid p-protein following head injury. Nature Med 1995; 1: 135-
137. 

Nicoll JA, Mrak RE, Graham DI, Stewart J, Wilcock G, MacGowan S, Esiri MM, 
Murray LS, Dewar D, Love S, Moss T, Griffin WS. Association of Interleukin-1 
Gene Polymorphisms with Alzheimer's Disease. Annals of Neurology 2000; 47: 
365-368. 

Nimmerjahn A, Kirchhoff F, He1mchen F. Resting microglial cells are highly 
dynamic surveillants of brain parenchyma in vivo. Science 2005; 308: 1314-1318. 

Nishimura M, Sakamoto T, Kaji R, Kawakami H. Influence of polymorph isms in the 
genes for cytokines and glutathione S-transferase omega on sporadic Alzheimer's 
disease. Neurosci Lett 2004; 368: 140-143. 



Niskakangas T, Ohman J, Niemela M, Iveskoski E, Kunnas TA, Karhunen Pl 
Association of apolipoprotein E polymorphism with outcome after aneurysmal 
subarachnoid hemorrhage. A preliminary study. Stroke 2001; 32: 1181-1184. 

Ollier WE. Cytokine genes and disease susceptibility. Cytokine 2004; 28: 174-178. 

Paez JG, Lin M, Beroukhim R, Lee JC, Zhao X, Richter DJ, Gabriel S, Herman P, 
Sasaki H, Altshuler D, Li C, Meyerson M, Sellars WR. Genome coverage and 
sequence fidelity of ~29 polymerase-based multiple strand displacement whole 
genome amplification. Nucleic Acids Res 2004; 32: e71. 

Perini F, Morra M, Alecci M, Galloni E, Marchi M, Toso V. Temporal profile of 
serum anti-inflammatory and pro-inflammatory interleukins in acute ischaemic 
stroke patients. Neurol Sci 2001; 22: 289-296. 

Perneger TV. What's wrong with Bonferroni adjustments. BMJ 1998; 316: 1236-
1238. 

Perrey C, Turner SJ, Pravica V, Howell WM, Hutchinson IV. ARMS-PCR 
methodologies to determine IL-10, TNF-a, TNF-{3 and TGF- {31 gene 
polymorphisms. Transplant Immunology 1999; 7: 127-128. 

Petty MA, Lo EH. Junctional complexes of the blood-brain barrier: permeability 
changes in neuroinflammation. Prog Neurobiol 2002; 68: 311-323. 

Pizzi M, Sarnico I, Boroni F, Benarese M, Dreano M, Garotta G, Valerio A, Spano P. 
Prevention of neuron and oligodendrocyte degeneration by interleukin-6 (IL-6) and 
IL-6 receptor/IL-6 fusion protein in organotypic hippocampal slices. Mol Cell 
Neurosci 2004; 25: 301-311. 

Plassman BL, Havlik RJ, Steffans DC, Helms MJ, Newman TN, Drosdick D, 
Phillips C, Gau BA, Welsh-Bohmer KA, Burke JR, Guralnik JM, Breitner Jc. 
Documented head injury in early adulthood and risk of Alzheimer's disease and 
other dementias. Neurology 2000; 55: 1158-1166. 

Pociot F, Molvig J, Wogensen L, Worsaae H, Nerup J. A TaqI polymorphism in the 
human interleukin-1 beta (IL-1 beta) gene correlates with IL-1 beta secretion in vitro. 
Eur J Clin Invest, 1992; 22: 396-402. 

Pola R, Flex A, Gaetani E, Lago AD, Geradino L, Pola P, Bernabei R. The -174 
G/C polymorphism of the interleukin-6 gene promoter is associated with 
Alzheimer's Disease in an Italian population. NeurorepOli 2002a; 13: 1645-7. 

Pola R, Gaetani E, Flex A, Aloi F, Papaleo P, Geradino L, De Martini D, Flore R, 
Pola P, Bernabei R. -174G/C interleukin-6 gene polymorphism and increased risk of 
multi-infarct dementia: a case-control study. Exp Gerontol2002b; 37: 949-55. 

Polazzi E, Contestabile A. Reciprocal interactions between microglia and neurons: 
from survival to neuropathology. Rev Neurosci 2002; 13: 221-242. 



Pringle AK, Iannotti F, Wilde GJC, Chad JE, Seeley PJ, Sundstrom LE. 
Neuroprotection by both NMDA and non-NMDA receptor antagonists in in-vitro 
ischaemia. Brain Res 1997; 755: 36-46. 

Pringle AK, Niyadurupola N, Johns P, Anthony DC, Iannotti F. Interleukin-l~ 

exacerbates hypoxia-induced neuronal damage, but attenuates toxicity produced by 
simulated ischaemia and excitotoxicity in rat organotypic hippocampal slice cultures. 
Neurosci Lett 2001; 305: 29-32. 

Ramos EM, Lin MT, Larson EB, Maezawa I, Tseng LH, Edwards KL, Schellenberg 
GD, Hansen JA, Kukull WA, Jin LW. Tumour necrosis factor alpha and interleukin 
10 promoter region plymorphisms and risk of late-onset Alzheimer disease. Arch 
Neuro12006; 63: 1165-1169. 

Rehabilitation of Persons With Traumatic Brain Injury. NIH Conses Statement 
Online 1998 Oct 26-28; 16: 1-41. 

ReIton JK, Rothwell NJ. Interleukin-l receptor antagonist inhibits ischaemic and 
excitotoxic neuronal damage in the rat. Brain Research Bulletin 1992; 29: 243-246. 

Report of the working party on the management of patients with head injuries. 
London: Royal College of Surgeons of England; 1999. 

Roberts GW, Gentleman SW, Lynch A, Murray L, Landon M, Graham DI. Beta 
amyloid protein deposition in the brain after severe head injury: implications for the 
pathogenesis of Alzheimer's disease. J N eurol N eurosurg Psychiatry 1994; 57: 419-
425. 

Ross SA, Halliday MI, Campbell GC, Byrnes DP, Rowlands BJ. The presence of 
tumour necrosis factor in CSF and plasma after severe head injury. Br J Neurosurg 
1994; 8: 419-425. 

Rothwell NJ. Neuroimmune interactions: the role of cytokines. Br J Pharm 1997; 
121: 841-847. 

Rothwell NJ, Luheshi GN. Interleukin 1 in the brain: biology, pathology and 
therapeutic target. Trends Neurosci 2000; 23: 618-625. 

Rozen S, Skaletsky H. Primer3 on the WWW for general users and for biologist 
programmers. Methods Mol BioI 2000; 132: 365-386. 

Ruuls SR & Sedgwick TD. Unlinking Tumour Necrosis Factor biology from the 
Major Histocompatibility Complex: Lessons from human genetics and animal 
models. Am J Hum Genet 1999; 65:294-301. 

Saiki R, Scharf S, Faloona FA, Mullis KB, Hom GT, Ehrlich HA, Arnheim M. 
Enzymatic amplification of !3-globin genomic sequences and restriction site analysis 
for diagnosis of sickle cell anaemia. Science 1985; 230: 1350-1354. 



Salisbury BA, Pungliya M, Choi JY, Jiang R, Sun XJ, Stephens JC. SNP and 
haplotype variation in the human genome. Mutat Res 2003; 526: 53-61. 

Schauwecker PE, Cogen JP, Jiang T, Cheng HW, Collier TJ, McNeill TH. 
Differential regulation of astrocytic mRNAs in the rat striatum after lesions of the 
cortex or substantia nigra. Exp Neurol1998; 149: 87-96. 

Scherbel U, Raghupathi R, Nakamura M, Saatman KE, Trojanowski JQ, Neugebauer 
E, Marino MW, McIntosh TK. Differential acute and chronic responses of tumour 
necrosis factor-deficient mice to experimental brain injury. Proc Natl Acad Sci USA 
1999; 96: 8721-8726. 

Schwartz M, Solomon A, Lavie V, Ben BS, Belkin M, Cohen A. Tumour necrosis 
factor facilitates regeneration of injured central nervous system axons. Brain Res 
1991; 545: 334-338. 

Scola L, Licastro F, Chiapelli, Francheschi C, Grimaldi LM, Crivello A, Colonna­
Romano G, Candore G, Lio D, Caruso C. Allele frequencies of +874T>A single 
nucleotide polymorphism at the first intron of IFN-garnrna gene in Alzheimer's 
disease patients. Aging Clin Exp Res 2003; 15: 292-295. 

Seifart C, Dempfle A, Plagens A, Seifart U, Clostermann U, Muller B, Vogelmeier 
C, von Wichert P. TNF-a, TNF-~, IL6 and IL10-promoter polymorphisms in 
patients with chronic obstructive pulmonary disease. Tissue Antigens 2005; 65: 93-
100. 

Sie MPS, Uitterlinden AG, Bos MJ, Arp PP, Breteler MMB, Koudstaal PJ, Pols 
HAP, Hofman A, Van Duijn CM, Witteman JCM. TGF-{Jl polymorphisms and risk 
of myocardial infarction and stroke. Stroke 2006; 37,2667-2671. 

Shin A, Shu XO, Cai Q, Gao YT, Zheng W. Genetic polymorphisms of the 
transforming growth factor-~ 1 gene and breast cancer risk: a possible dual role at 
different cancer stages. Cancer Epidemiol Biomarkers Prev 2005; 14: 1567-1570. 

Shohami E, Novikov M, Bass R, Yamin A, Gallily R. Closed head injury triggers 
early production of TNFa and IL-6 by brain tissue. J Cereb Blood Flow Metab 
1994; 14: 615-619. 

Shoharni E, Bass R, Wallach D, Yamin A, Gallily R. Inhibition of tumour necrosis 
factor alpha (TNFalpha) activity in rat brain is associated with cerebroprotection 
after closed head injury. J Cereb Blood Flow Metab 1996; 16: 378-384 . 

. Singer VL, Jones LJ, Yue ST, Haugland RP. Characterization of Pic oGre en reagent 
and development of a fluorescence-based solution assay for double-stranded DNA 
quantitation. Anal Biochem 1997; 249: 228-238. 

Singhal A, Baker AJ, Hare GMT, Reinders FX, Schlichter LC, Moulton RJ. 
Association between cerebrospinal fluid interleukin-6 concentrations and outcome 
after severe human traumatic brain injury. J Neurotrauma 2002; 19: 929-937. 



Smith DH, Chen XH, Pierce JE, Wolf JA, Trojanowski JQ, Graham DI, McIntosh 
TK. Progressive atrophy and neuron death for one year following brain trauma in the 
rat. J Neurotrauma 1997; 14: 715-727. 

Smith CJ, Emsley HCA, Gavin CM, Georgiou RF, Vail A, Barberan EM, del Zoppo 
GJ, Hallenbeck JM, Rothwell NJ, Hopkins SJ, Tyrell PJ. Peak plasma interleukin-6 
and other peripheral markers of inflammation in the first week of ischaemic stroke 
correlate with brain infarct volume, stroke severity and long-term outcome. BMC 
Neurology 2004; 4: 2. 

Sorbi S, Nacmias B, Piacentini S, Repice A, Latorraca S, Forleo P, Amanducci L. 
ApoE as a prognostic factor for post-traumatic coma. Nat Med 1995; I: 852. Letter. 

Stahel PF, Shohami E, Younis FM, Kariya K, Otto VI, Lenzlinger PM, Grosjean 
MB, Eugster HP, Trentz 0, Kossmann T, Morganti-Kossmann MC. Experimental 
closed head injury: analysis of neurological outcome, blood-brain barrier 
dysfunction, intracranial neutrophil infiltration, and neuronal cell death in mice 
deficient in genes for pro-inflammatory cytokines. J Cereb Blood Flow Metab 2000; 
20: 369-380. 

Stoll G, Schroeter M, Jander S, Siebert H, Wollrath A, Kleinschnitz C, Bruck W. 
Lesion-associated expression of transforming growth factor-beta-2 in the rat nervous 
system: evidence for down-regulating the phagocytic activity of microglia and 
macrophages. Brain Patho12004; 14: 51-58. 

Stoppini L, Buchs P A, Muller D. A simple method for organotypic cultures of 
nervous tissue. J N eurosci Meth 1991; 37: 173 -182. 

Streit WJ, Mrak RE, Griffin WST. Microglia and neuroinflammation: a pathological 
perspective. J Neuroinflammation 2004; 1: 14. 

Streit WJ. Microglia and neuroprotection: implications for Alzheimer's disease. 
Brain Res Rev 2005; 48: 234-239. 

Stroemer RP, Rothwell NJ. Exacerbation of ischaemic brain damage by localised 
striatal injection of interleukin-1 beta in the rat. J Cereb Blood Flow Metab 1998; 
18: 833-839. 

Sundstrom A, Marklund P, Nilsson LG, Cruts M, Adolfsson R, Van Broeckhoven C, 
Nyberg L. APOE influences on neuropsychological function after mild head injury. 
Neurology 2004; 62: 1963-1966. 

Suzuki S, Tanaka K, Nogawa S, Nagata E, Ito D, Dembo T, Fukuuchi Y. Temporal 
profile and cellular localisation of interleukin-6 protein after focal cerebral ischaemia 
in rats. J Cereb Blood Flow Metab 1999; 19: 1256-1262. 



Sykora J, Subrt I, Didek P, Siala K, Schwarz J, Machalova V, Varvarovska J, 
Pazdiora P, Pozler 0, Stozicky F. Cytokine tumour necrosis factor-alpha promoter 
gene polymorphism at position -308 G>A and pediatric inflammatory bowel disease: 
implications in Ulcerative Colitis and Crohn's disease. J Pediatr Gastroenterol Nutr 
2006; 42: 479-487. 

Tang J, Zhao J, Zhao Y, Wang S, Chen B, Zeng W. Apolipoprotein E 84 and the risk 
of unfavourable outcome after aneurysmal subarachnoid hemorrhage. Surg N eurol 
2003; 60: 391-397. 

Tanriverdi T, Uzan M, Sanus GZ, Baykara 0, Is M, Ozkara C, Bura N. Lack of 
association between the ILIA gene (-889) polymorphism and outcome after head 
injury. SurgNeurol2006; 65: 7-10. 

Tarkowski E, Wallin A, Blennow K, Tarkowski A. Local production of TNF-a, a 
potent neuroprotective agent, in Alzheimer's disease and vascular dementia. J Clin 
Immunol 1999; 19: 223-230. 

Teasdale G, Jennett B. Assessment of coma and impaired consciousness: a practical 
scale. Lancet 1974; ii: 81-84. 

Teasdale GM. Head Injury. J Neurol Neurosurg Psychiatry 1995; 58: 526-39. 

Teasdale GM, Nicoll JA, Murray G, Fiddes M. Association of apolipoprotein E 
polymorphism with outcome after head injury. Lancet 1997; 350: 1069-71. 

Teasdale GM, Graham DI. Craniocerebral trauma: protection and retrieval of the 
neuronal population after injury. Neurosurgery 1998; 43: 723-38. 

Teasdale GM, Pettigrew LE, Wilson JT, Murray G, Jennett B. Analysing outcome of 
treatment of severe head injury: a review and update on advancing the use of the 
Glasgow Outcome Scale. J Neurotrauma 1998; 15: 587-597. 

Teasdale GM, Murray GD, Nicoll JAR. The association between APOE 84, age and 
outcome after head injury: a prospective cohort study. Brain 2005; 128: 2556-2561. 

Tehranian R, Andell-Jonsson S, Beni SM, Yatsiv I, Shohami E, Bartfai T, Lundkvist 
J, Iverfeldt K. Improved recovery and delayed cytokine induction after closed head 
injury in mice with central overexpression of the secreted isoform of the interleukin-
1 receptor antagonist. J Neurotrauma 2002; 19: 939-951. 

Telenius H, Carter NP, Bebb CE, Nordenskjold M, Ponder BA, Tunnacliffe A. 
Degenerate oligonucleotide-primed PCR: General amplification of target DNA by a 
single degenerate primer. Genomics 1992; 13: 718-725. 

Terry CF, Loukaci V, Green FR. Cooperative influence of genetic polymorphisms 
on interleukin 6 transcriptional regulation. J BioI Chern 2000; 275:18138-18144. 



Thornhill S, Teasdale GM, Murray GD, McEwen J, Roy CW, Penny KI. Disability 
in young people and adults one year after head injury: prospective cohort study. 
BMJ 2000; 320: 1631-1635. 

Urn J-Y, Moon K-S, Lee K-M, Kim H-M. Interleukin-1 gene cluster polymorphisms 
in cerebral infarction. Cytokine 2003; 23: 41-46. 

Unterberg AW, Stover J, Kress B, Kiening. 
Neuroscience 2004; 129: 1021-1029. 

Edema and Brain Trauma. 

Uzan M, Tamiverdi T, Baykara 0, Kafadar A, Sanus GZ, Tureci E, Ozkara C, Uysal 
0, Buyra N. Association between interleukin-1 beta (IL-1~) gene polymorphism and 
outcome after head injury: an early report. Acta Neurochir (Wien) 2005; 147: 715-
720. 

Veinbergs I, Everson A, Sagara Y, Masliah E. Neurotoxic effects of apolipoprotein 
E4 are mediated via dysregulation of calcium homeostasis. J Neurosci Res 2002; 67: 
379-387. 

Vila N, Castilo J, Davalos A, Chamorro A. Proinflammatory cytokines and early 
neurological worsening in ischaemic stroke. Stroke 2000; 31: 2325-2329. 

Vitkovic L, Bockaert J, Jacque C. "Inflammatory" cytokines: neuromodulators in 
normal brain? J Neurochem 2000; 74: 457-471. 

Waage A, Ho1stensen A, Shalaby R, Brandtzaeg P, Kierulf P, Espevick T. Local 
production of tumour necrosis factor u, interleukin-1 and interleukin-6 in 
meningococcal meningitis: relation to the inflammatory response. J Exp Med 1989; 
170: 1859-1867. 

Walker AH, Narjarian D, Rebbeck TR, Jaffe JM, Kanetsky PA, Rebbeck TR. 
Collection of genomic DNA by buccal swabs for polymerase chain reaction-based 
biomarker assays. Environ Health Perspect 1999; 107: 517-520. 

Walsh DJ, Corey AC, Cotton RW, Forman L, Herrin GL Jm, Word CJ, Gamer DD. 
Isolation of deoxyribonucleic acid (DNA) from saliva and forensic science samples 
containing saliva. J Forensic Sci 1992; 37: 387-395. 

Watanabe E, Hirasawa H, Oda S, Shiga H, Matsuda K, Nakamura M, Abe R, Nakada 
T. Cytokine-re1ated genotypic differences in peak interleukin-6 blood levels of 
patients with SIRS and septic complications. J Trauma 2005; 59: 1189-1190. 

Waters RJ, Nicoll JA. Genetic influences on outcome following acute neurological 
insults. Curr Opin Crit Care 2005; 11: 105-110. 

Weinberg W. On the demonstration of heredity in man (1908). In: Boyer SH (ed) 
(1963) Papers on human genetics. Prentice-Hall, Englewood Cliffs, NJ. 

Wenham PR, Price WH, Blandell G. ApolipoproteinE genotyping by one-stage peR. 
Lancet 1991; 337: 1158-1159. 



Whyte M, Hubbard R, Meliconi R, Whidborne M, Eaton V, Bingle C, Timms J, Duff 
G, Facchini A, Pacilli A, Fabbri M, Hall I, Britton J, Johnston I, Di Giovine F. 
Increased risk of fibrosing alveolitis associated with interleukin-1 receptor antagonist 
and tumour necrosis factor-alpha gene polymorphisms. Am J Respir Crit Care Med 
2000; 162: 755-758. 

Wilson AG, Symons JA, McDowell TL, McDevitt HO, Duff GW. Effects of a 
polymorphism in the human tumour necrosis factor a promoter on transcriptional 
activation. Proc Nat! Acad Sci USA 1997; 94: 3195-3199. 

Wilson JT, Pettigrew LE, Teasdale GM. Structured interviews for the Glasgow 
Outcome Scale and the extended Glasgow Outcome Scale: guidelines for their use. J 
Neurotrauma 1998; 15: 573-585. 

Wilde GJ, Pringle AK, Sundstrom LE, Mann DA, Iannotti F. Attenuation and 
augmentation of ischaemia-related neuronal death by tumour necrosis factor-a in 
vitro. Eur J Neurosci 2000; 12: 3863-3870. 

Winter CD, Pringle AK, Clough GK, Church MK. Raised parenchymal interleukin-6 
levels correlate with improved outcome after traumatic brain injury. Brain 2004; 
127: 315-320. 

Wittke-Thompson JK, P1uzhinov A, Cox NJ. Rational inferences about departures 
from Hardy-Weinberg equilibrium. Am J Hum Genet 2005; 76: 967-986. 

Yauk CL, Berndt ML, Williams A, Douglas GR. Comprehensive comparison of six 
micro array technologies. Nucleic Acids Res 2004; 32: e124. 

Y 00 J, Seo B, Kim Y. SNP Analyzer: a web-based integrated workbench for single­
nucleotide polymorphism analysis. Nucl Acids Res 2005; 33: W483-W488. 

Zhao X, Bausano B, Pike BR, Newcomb-Fernandez JK, Wang KK, Shohami E, 
Ringger NC, DeFord SM, Anderson DK, Hayes RL. TNFa stimulates caspase-3 
activation and apoptotic cell death in primary septo-hippocampal cultures. J Neurosci 
Res 2001; 64: 121-131. 

Zheng S, Ma X, Buffler P A, Smith MT, Wiencke JK. Whole genome amplification 
increases the efficiency and validity of buccal cell genotyping in pediatric 
popUlations. Cancer Epidemiol Biomarkers Prev 2001; 10: 697-700. 

Zienolddiny S, Ryberg D, Maggini V, Skaug V, Canzian F, Haugen A. 
Polymorphisms of the interleukin-1 ~ gene are associated with increased risk of non­
small cell lung cancer. Int J Cancer 2004; 109: 353-356. 


