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ABSTRACT 

Purpose: Experimental studies suggest a role of G protein-mediated signaling pathways in 

epileptogenesis. A genetic variation in the G protein subunit Gβ3 denoted the C825T 

polymorphism has been reported to increase the signaling efficiency through Gi proteins and to 

modify responses to certain drugs. The C825T polymorphism has also been associated with 

several diseases including hypertension, diabetes type II and obesity and major depressive 

disorder. In the present study we have explored whether the G protein polymorphism C825T is 

associated with or influences temporal lobe epilepsy (TLE). 

 

Methods: The study included 227 TLE patients, 186 controls and 106 family members of TLE 

patients. DNA was extracted from blood samples, and typing of the polymorphism was 

performed. Case record forms were analyzed for all the homozygote TLE-patients and 

homozygote controls as well as for 28 matched TLE-patients without the mutation (16 females, 

12 males).  

 

Results: Typing of the C825T polymorphism showed that 6% of the TLE patients, 7% of the 

controls and 7,5% of the family members were homozygote for the polymorphism; i.e. carrying 

the TT genotype. There were, however, differences between the homozygote TLE patients and 

the TLE patients without the polymorphism with regard to the phenotype. The TLE patients 

carrying the TT genotype had a higher severity score on 8 of 9 pre-defined parameters. In 

agreement with other studies, the TT genotype TLE patients also had increased body mass index, 

weight and waist circumference compared to the TLE patients without the polymorphism; i.e. 

carrying the CC genotype, but there was no higher frequency of hypertension or diabetes.  

 

Conclusions: There was no increased frequency of TLE between the carriers of the TT genotype 

compared to healthy controls and/or family members without epilepsy. However, the TLE 

patients with the TT genotype showed tendencies of a more severe disease phenotype. 
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1. INTRODUCTION 

Temporal lobe epilepsy (TLE) is associated with loss of neurons and synaptic reorganization 

which may cause hypersynchronization and hyperexitability (Engel et al., 1998). The 

complexity of alterations in TLE hippocampi suggests that numerous genes and signaling 

cascades are involved in the pathogenesis (Majores et al., 2004). According to Engel et al., 

1998, TLE patients have an increased incidence of family history of epilepsy and febrile 

seizures in early childhood, suggesting a genetic or congenital predisposition to epilepsy 

(Engel et al, 1998). Furthermore, as many as 30% of the patients with TLE do not respond 

adequately to anti-epileptic drugs (Notenboom et al., 2006). This underscores the need to 

improve the understanding of factors that have an impact on disease development and 

treatment outcomes.  

 

Signaling pathways involving G protein-coupled receptors and their downstream 

heterotrimeric G proteins are in several studies linked to various kinds of epilepsies. 

(Magloczky and Freund, 2005, Loup et al 2000, Csaba et al., 2005, Furtinger et al, 2001, 

Marsh et al, 1999, Williams et al, 1993.) In particular, there are data suggesting roles of the 

inhibitory G protein Gi. Thus, inhibition of the Gi protein with pertussis toxin has been 

reported to increase the severity of the epileptic state in one rat model of status epilepticus 

(Mazarati and Lu, 2005), while in rats with genetic absence epilepsy from Strasbourg 

(GAERS), inhibition of Gi through injections with pertussis toxin resulted in a decrease of 

seizures (Bowery et al., 1999). In a rat kindling model increases in mRNA levels in brain for 

both Gsα (bilaterally) and Gi2α (only on stimulated side) were detected (Iwasa et al., 1999). Of 

note is also a recent report suggesting that γ-subunits of G proteins may play a role in epilepsy 

derived from observations in mice deficient of the G protein γ3-subunit which appears to be more 
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susceptible to seizures (Schwindlinger et al., 2004). Taken together these animal data suggest a 

relationship between epilepsy and G protein-coupled receptors and their downstream 

heterotrimeric G proteins. 

 

In the present study we have explored the possibility that a genetic variation affecting the 

G protein subunit Gβ3, denoted the C825T polymorphism (Siffert et al., 1998), may have an 

impact on temporal lobe epilepsy in humans. This polymorphism has been reported to be 

associated with certain disease states including hypertension, diabetes type II and obesity (Siffert, 

2000), as well as major depressive disorder (Lee et al., 2004). Furthermore, the presence of the 

C825T polymorphism also appears to influence the response to some drugs including 

nitroglycerin, sildenafil and serotonin reuptake inhibitors (Turner et al., 2001; Fernández-Real et 

al., 2003; Hauner et al., 2003; Seretti et al., 2003; Sarrazin et al., 2005). With reference to the various 

lines of evidence suggesting roles of G protein-coupled receptors and heterotrimeric G proteins 

in epilepsy, we examined the presence of the C825T polymorphism in TLE patients as well as its 

possible impact on disease phenotype and response to anti-epileptic medication. 

 

2. METHODS 

This study included patients receiving treatment for temporal lobe epilepsy, family members 

of these patients and controls. Collection of data was carried out at Rikshospitalet-

Radiumhospitalet Medical Centre, National Centre of Epilepsy, St. Olav University Hospital, 

Stavanger University Hospital, Haukeland University Hospital, Aker University Hospital, 

Akershus University Hospital and Ullevål University Hospital in Norway. Inclusion criteria 

for the cases were temporal lobe epilepsy (TLE), age over 18 years and Caucasian race. TLE 

was defined according to the classification system of the International League Against 

Epilepsy (Commission on Classification and Terminology) The controls and family members 
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had to be over 18 years and Caucasian. For each participant it was collected a subject 

evaluation form filled out by the participant, a case record form filled out by a doctor or nurse 

and a blood sample. The study was approved by the Regional Ethical Committee and the 

patients gave written and informed consent before participating in the study. 

 

 

DNA was extracted from blood using standard methods. Typing of the C825T polymorphism 

was performed using LightCycler (Opdal et al., 2006).  

 

 

Mean and standard deviations were calculated and Students T testsperformed using a 

commercially available software package (SPSS) were used. As there were no statistical 

significant findings, no multiple comparisons were performed. To study possible differences 

in the severity of the disease between homozygote patients versus patients without the 

mutation,nine parameters were chosen. Plus sign (+) denotes what was considered a higher 

severity score in the homozygote patients, while minus sign (-) denotes a higher severity score 

in patients without the mutation (see text, table 5). 

 

3. RESULTS 

3.1 The C825T polymorphism and prevalence of TLE 

519 samples were typed. 14 of the TLE-patients were homozygote for the C825T 

polymorphism. 28 of the TLE-patients that did not have this polymorphism were matched to 

these 14 homozygote subjects by age and gender. Of the controls were 13 patients found to be 

homozygote. These were also included in this study. The results after typing from TLE 

patients, first degree family members and controls are shown in table 1. 
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The results show a closely resembling distribution profile of the C825T genotypes within the 

group of temporal lobe epilepsy patients compared to controls and family members. Thus, 

there was no evidence for an association of the polymorphism with TLE. Moreover, the 

genotype distributions correspond to data reported from an unselected population in Germany 

(Siffert et al., 1999). 

 

3.2 The C825T polymorphism and TLE phenotype 

In order to study the possible influence of the C825T allele on temporal lobe epilepsy, a 

subset of the TLE patients with the TT genotype was closely compared to a corresponding 

subset of TLE patients without the T allele; i.e. carrying the CC genotype.  The TT genotype 

TLE patients were also where relevant compared to controls with the TT genotype. We chose 

to compare the counterparts in the study and individuals carrying the CT genotype were 

therefore excluded fromthese comparisons. 

 

The data show that the TLE patients with the TT genotype compared to the CC genotype had 

similar characteristics with reference to seizure types and combinations of these. Thus, there 

was found no evidence for qualitative differences between the groups in this respect.  

 

There were also no significant differences in the appearance of comorbidities. Only a slight 

increase was seen in body mass index, mean weight and waist circumference in the TT 

genotype patient group compared to the CC genotype group, which is in accordance to earlier 

investigations in general populations (Siffert, 2000). Hypertensive disorders and diabetes type 

II were not correlated to the polymorphism in this material, maybe because the mean age of 
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the participants in this study were 37 years for the TLE patients and 37.9 years for the 

controls. Concerning major depressive disorders one can not expect to find significant 

differences in the TT genotype group compared to the CC genotype group as depression has a 

strong correlation to epilepsy as well as to this polymorphism. 

 

In a more detailed examination of phenotype characteristics for the TLE patients certain 

differences was noted between the TT and CC genotype groups as shown in table 3. Thus, the 

data suggest a tendency to an earlier age of seizure debut in the TT genotype patients, 

although this is not a statistical significant observation based on the present material. 

Furthermore, there was also a tendency to a lower frequency of seizure freedom the last five 

years and as well a higher frequency of secondary general tonic clonic seizures in the TT 

group.  

Evidence of memory loss linked to the TT genotype was somewhat lower compared to the CC 

genotype. The MRI findings also showed a higher number of normal findings in the temporal 

lobe epilepsy patients being homozygous for the C825T polymorphism. 

 

3.3 The C825T polymorphism and antiepileptic treatment 

The antiepileptic treatments were closely examined and compared between the carriers of the 

TT and CC genotype as illustrated in table 4. The patients with the TT genotype tended to 

have had a shorter time interval between the first appearance of seizure and the time for 

introduction of antiepileptic therapy; i.e. 1.25 years compared to 2.46 years in the CC 

genotype group. Furthermore, a higher fraction of TLE patients with the TT genotype had 

previously used carbamazepine, almost 85%, while only one patient (7.7%) was still a user of 

the drug in this group. On the contrary, in the CC genotype group over 30% of the patients 
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still used carbamazepine compared to around 60% previously.  

 

 

3.4 The C825T polymorphism and severity of TLE 

There are no existing scales to define severity of TLE, but some factors seem to be more relevant 

than others. We have attempted to select phenotypic criterias based on clinical experience. Nine 

predefined parameters were selected in order to compare a composite of disease severity between 

the TT and CC genotype groups. The chosen parameters are depicted in table 5. Comparison 

shows that TLE patients with the TT genotype have a higher severity score on 8 out of the 9 

parameters. Thus, the TT genotype patients seem to have a more severe form of the disease and 

it is rational to divide the TLE patients phenotypically into two groups based on the C825T 

genotype.  

 

4. DISCUSSION 

The results from the present study show that there was no higher frequency of the C825T-

polymorphism in patients with temporal lobe epilepsy compared to controls. Thus, there was 

found no evidence in favor of an association between this genetic variant and temporal lobe 

epilepsy. On the other hand, our data suggest that the presence of the C825T-polymorphism 

may have the potential to influence the phenotypic expressions of TLE as there are tendencies 

in the examined material towards a more severe form of epilepsy in the patients being 

homozygote for the polymorphism. Thus, the TLE patients carrying the C825T TT genotype 

had an earlier age of seizure debut, a lower frequency of seizure freedom the last five years 

and a higher tendency to general tonic clonic seizures. In addition the TLE patients carrying 

the C825T TT genotype appeared to have experienced a slightly more difficult history with 

regard to antiepileptic drug (AED) treatment than the TLE patients with the CC genotype. 

Thus, the patients with the TT genotype were presently using a higher number of AEDs, and 
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had as well tried out more AEDs during their previous disease history, started earlier on 

medication and had been treated with AEDs for a longer time than the other group of patients. 

A notable observation was that the TLE patients with the TT genotype to a larger degree had 

underwent a change in their use of carbamazepine, which was previously used by 85% of the 

patients and presently only by one single patient (i.e. ∼8%). In the CC genotype group the use 

of carbamazepine was reduced from 60% to 30%. Altogether these findings concerning AEDs 

may suggest that the TT genotype group constitute a subgroup of TLE patients that presents a 

need for earlier medication, but at the same time are more difficult to treat.  

 

None of these various phenotypic observations of the examined TLE patients, when evaluated 

as separate findings, fulfill criteria for statistic significance, and therefore cannot prove the 

existence of an association between the C825T TT genotype and TLE phenotype. On the 

other hand, when taking into account different phenotypic observations that can predict 

severity, it was found a higher severity score of TLE for the TT genotype group in eight out of 

nine parameters. This may lend support to a role of the C825T polymorphism in expression of 

disease characteristics of TLE. However, a weakness in the assessment of severity is that it is 

not based on a generally accepted scale used for this purpose. And the criteria chosen to 

define severity of TLE in this analysis, may be discussed. As an example, the presence of 

secondary generalized tonic clonic seizures may be considered as a disease complication and 

therefore a sign of severe TLE, but can also be seen as part of a normal variant of TLE that 

does not necessarily indicate a more severe clinical picture. Another observation with regard 

to severity was the presence of normal MRI findings which was found to be more pronounced 

in the TLE patients with the C825T TT genotype than in the patients with CC genotype. This 

observation can also be interpreted in different ways. On one hand a normal MRI indicates 

absence of pathology and therefore can be regarded as a sign of a less severe clinical picture. 
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On the other hand epilepsy with absence of obvious pathology on MRI may possibly be 

linked to a more severe and complex etiology involving for example genetic mechanisms, 

which would be in agreement with the present findings concerning the C825T polymorphism. 

 

The underlying molecular mechanisms which may explain the influence of the C825T 

polymorphism on certain diseases as well as some drug effects (Siffert et al., 1998, Siffert 

2000, Turner et al. 2001)  remains to be completely understood. However, there is evidence 

that the polymorphism enhances the signal transmission through the class of inhibitory 

heterotrimeric G proteins denoted Gi (Siffert et al., 1998). Also ion channels belonging to the 

K+ subspecies are known downstream effectors of heterotrimeric G proteins of the Gi class 

(Pfaffinger et al., 1985). As changes in such ion channels may contribute to epileptogenesis 

through their regulation of neuronal excitability and synaptic plasticity,  it is possible that the 

C825T polymorphism by increasing Gi–mediated signals exerts its disease-modifying effects 

on these ion channels.  

 

In a study of an animal model for temporal lobe epilepsy it was found that the excitability in 

the CA1 pyramidal neurons was increased in the chronic epilepsy phase (Bernard et al., 

2004). This corresponded to molecular changes affecting the activity of the so-called A-type 

K+-channel. This change was found to be related both to a partial loss of Kv4.2, which has 

recently been found to constitute the major component of hippocampal A- type K+-channels 

(Kim et al. 2005), as well as an increased phosphorylation of the remaining fraction of Kv4.2 

K+-channel protein exerted by protein kinase C (PKC) and extracellular regulated kinase 

(ERK) (Bernard et al., 2004). These observations are of particular interest to the possible 

interpretations of the present study as it is well known that ERK activation is dependent of 

Gi–mediated pathways in several cell types and in response to various agents (Melien, 2007).  
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The observations in the present study may lend support to a role of the C825T polymorphism 

giving rise to a mechanism, possibly G-protein-mediated, which is able to modify, but not 

cause, the phenotypic expression of temporal lobe epilepsy. However, there is clearly a need 

for further confirmation and exploration of these findings. The emerging lines of evidence 

from different experimental models drawing attention to G protein-coupled receptors, 

heterotrimeric G proteins and their downstream intracellular pathways as potential 

contributors in temporal lobe epilepsy disease mechanisms adds a novel, challenging 

perspective to further research attempting to identify both its underlying causative and 

modifying factors and thus extend optional treatment strategies.  
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TABLE 1: 
 
 
Table 1: Distribution of C825T genotypes in TLE patients, family members and 
controls 
 
 
  T-T C-T C-C 
TLE-patients 14 (6%) 100 (44%) 113 (50%) 
Control 13 (7%) 70 (38%) 103 (55%) 
Family of 
TLE-patients 

8 (7.5%) 43 (41%) 55 (52%) 

 
TLE = Temporal lobe epilepsy 
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TABLE 2: 
 
Table 2: Patient characteristics 

 
Parameter     TLE patients                 TLE patients    Controls 
C825T genotype   TT   CC   TT 
n    (14)   (28)   (13) 

 

Number of patients   14   28   13 

Sex    8♀/6♂   16♀/12♂   6♀/7♂ 

Age, years (mean, SD)  37 (14.45)    37.25 (13.98)0.96  37.92 (12.07) 0.86 

BMI (mean, SD)   26.72 (5.61)   24.90 (3.63) 0.28  25.73 (3.17) 0.58 

Weight in kg (mean, SD)  78.89 (19.02)  74.02 (11.98)0.39  78.48 (13.83) 0.95 

Waist Circumference in cm (mean, SD) 90.21 (13.10)  84.79 (9.39) 0.18  89.92 (12.45) 0.95 

 
Seizure type 
 A: SPS (%)   71.4   64.3 0.74 
 B: CPS (%)   100.0   92.9 0.55 
 C: Partial seizures evolving to GTC (%) 78.6   85.7 0.67 

 
Combination of seizure types                        
 A+B+C (%)   50.0   57.1 0.75 
 A+B (%)   21.4   3.6 0.10 
 B+C (%)   28.6   21.4 0.71 
 A+C (%)   0   3.6 1.00 
 CPS alone (%)   0   10.7 0.54 
 Secondarily GTC alone  (%)  0   3.6 1.00 

 
Comorbidity 
 CVD (%)   7.1   3.6 1.00  0 1.00 
 Diabetes  (%)   0   0 -  0 - 
 Psychic (%)   35.7   35.7 1.00  15.4 0.39 
 Other neurological (%)  14.3   3.6 0.25  15.4 1.00 
 Cancer (%)   0   3.6 1.00  0 - 

 
Table 2: Descriptive data for  the subsets of patients and controls included in the study showing phenotype characteristics of their epileptic 
disease as well as comorbidities. P-values are given in cursive. Abbreviations: TLE: Temporal lobe epilepsy, SD: Standard deviation, BMI: 
body mass index; SPS: Simple partial seizures; CPS: Complex partial seizures; GTC: Generalized tonic clonic seizures; CVD:  Cardio 
vascular Diseases. 
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TABLE 3: 
 
 
Table 3: Phenotypic differences 

 

Parameter      TLE  patients   TLE patients  
C825T genotype    TT    CC 
N     14    28 

 
 
Seizure debut age  (mean, SD)   13.86 (13.64)   16.21 (14.31) 0.61 
 
Number of secondarily GTC (mean, SD)   93.82 (200.27)   65.77 (100.49) 0.67 
 
Seizure free last five years (%, n)   7.7 (1)    32.1 (9) 0.13 
 
Motor symptoms following SPS  (%)  42.9    14.3 0.06  
 
Febrile seizures (%)    46.2    60.7 0.48   
 
Description of memory loss (%)    42.9     60.7 0.34 
 
Family history of epilepsy (%)   30.8    32.1 1.00 
 
Results from most informative  
interictal EEG 
 Normal (%)    0    3.6 1.00 
 Spikes and rhythmic activity 
 left hemisphere (%)   50.0    53.6 1.00 
 Spikes and rhythmic activity 
 right hemisphere (%)    42.9    46.4 1.00 
 Spikes and rhythmic activity 
 temporal lobe (%)    42.9    35.7 0.74 
 Other (%)    14.2    10.7 1.00 
 
MRI findings         
 Normal (%)    71.4    46.4 0.19 
 Atrophy (%)    7.1    14.3 0.65 
 Temporal Lobe Pathology 
  Mesial temporal Sclerosis (%)  21.4    21.4 1.00 
 Other (%)    0    17.9 0.15

 

Table 3: Descriptive data for  the subsets of patients included in the study showing phenotypic differences of their epileptic disease. None of 

the patients MRIs showed tumors or cortical malformation. P-values are given in cursive. Abbreviations: TLE: Temporal lobe epilepsy, SD: 

Standard deviation, GTC: Generalized tonic clonic seizures, SPS: Simple partial seizures, EEG: Electroencephalography, MRI: Magnetic 

resonance imaging. 
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TABLE 4: 
 
Table 4: Antiepileptic treatment 

 
Parameter     Homozygote TLE (14)  TLE-patients without C825T (28) 

 
  
Number of AED now (mean, SD)  1.69 (1.38)    1.54 (0.84)      0.71 
 
Number of AED used before (mean, SD)  3.38 (3.07)    3.21 (2.67)      0.87 
 
Number of years from first appearance of 
seizure until AED was started (mean, SD)  1.25 (3.44)    2.46 (3.65)      0.33 
 
Number of years on AED (mean, SD)  17.67 (14.50)   15.32 (10.35)  0.62 
 
Number of prescripted drugs other than AED 
used during the last six months (mean, SD)  2.43 (1.51)    2.32 (1.66)      0.84 

 
AED previously used  

Carbamazepine (%, n)   84.6 (11)    60.7(17) 0.16   
 Gabapentin (%, n)   7.7 (1)    14.3 (4) 1.00   
 Lamotrigine (%, n)   30.8 (4)    21.4 (6) 0.70   
 Levetiracetam (%, n)   7.7 (1)    28.6 (8) 0.23  
 Oxcarbazepine (%, n)   7.7 (1)    17.9 (5) 0.65   
 Phenobarbital (%, n)   30.8 (4)    28.6 (8) 1.00   
 Phenytoin (%, n)   46.2 (6)    39.3(11) 0.74  
 Primidone (%, n)   15.4 (2)    0  0.10     
 Topiramate (%, n)   7.7 (1)    32.1 (9) 0.13   
 Valproic Acid (%, n)   46.2 (6)    32.1 (9) 0.49   
 Vigabatrin (%, n)   15.4 (2)    28.6 (8) 0.46 
 Other (%, n)   38.5 (5)     17.9 (5) 0.26 

AED in use now 
 Carbamazepine (%, n)   7.7 (1)    32.1(9)  0.13 
 Lamotrigine (%, n)   38.5 (5)    42.9(12) 1.00  
 Levetiracetam (%, n)   15.4 (2)    10.7(3) 0.65 
 Oxcarbazepine (%, n)   23.1 (3)    3.6 (1) 0.09  
 Phenobarbital (%, n)   15.4 (2)    3.6 (1) 0.23 
 Topiramate (%, n)   23.1 (3)    10.7 (3) 0.36 
 Valproic Acid (%, n)   23.1 (3)    32.1 (9) 0.72 
 Other (%, n)   23.1 (3)    17.9 (5) 1.00 

 
 Table 4: Descriptive data for  the subsets of patients included in the study showing use of antiepileptic treatment.  P-values are given in 
cursive. Abbreviations: TLE: Temporal lobe epilepsy, SD: standard deviations, AED: antiepileptic drugs. 
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TABLE 5: 
 
Table 5: Severity of TLE 

 
Parameter   A Homozygote TLE (14) B TLE-patients without  Signs of A  
            C825T (28)          versus B 

 
 

1. Seizure debut age  (mean, SD)  13.86 (13.64)  16.21 (14.31) 0.61  + 
 

2. Number of secondarily GTC (mean, SD)  93.82 (200.27)  65.77 (100.49) 0.67  + 
 

3. Seizure free last five years (%, n)  7.7 (1)   32.1 (9) 0.13  + 
 

4. Number of AED now (mean, SD) 1.69 (1.38)   1.54 (0.84) 0.71  + 
 

5. Number of AED used before (mean, SD) 3.38 (3.07)   3.21 (2.67) 0.87  + 
 

6. Number of years from first appearance of 
seizure until AED was started (mean, SD) 1.25 (3.44)   2.46 (3.65) 0.33  + 

 
7. Number of years on AED (mean, SD) 17.67 (14.50)  15.32 (10.35) 0.62  + 

 
8. Use of first line drugs according to national  

guidelines:  Carbamazepine (%, n) 7.7 (1)   32.1(9)  0.13  + 
 

9. Normal MRI (%, n)   71.4 (10)   46.4 (13) 0.19  ÷ 
 

 
Table 5: Table showing nine selected parameters used to describe severity of  TLE and the score on these parameters of the two subsets of 
patients. See definitions below. P-values are given in cursive. Abbreviations: TLE: Temporal lobe epilepsy, SD: standard deviations, GTC: 
Generalized tonic clonic seizures, AED: antiepileptic drugs, MRI: Magnetic resonance imaging. 

 
Definitions: 

1. Low seizure debut age was considered a sign of severe TLE. + means that the homozygote TLE-patients have a lower 
seizure debut age than the normal TLE-patients. 

2. A high number of secondarily generalized GTC was considered a sign of severe TLE. + means that the homozygote TLE-
patients have a higher number of GTC than the normal TLE-patients. 

3. Low percentage of seizure free patients was considered a sign of severe TLE. + means that the homozygote TLE-patients 
have a lower percentage of seizure free patients than the normal TLE-patients. 

4. A high number of AED in use was considered a sign of severe TLE. + means that the homozygote TLE-patients use a higher 
number of AED than the normal TLE-patients. 

5. A high number of AED used before was considered a sign of severe TLE. + means that the homozygote TLE-patients have 
used a higher number of AED before than the normal TLE-patients. 

6. A low number of years from first appearance of seizure until AED was started was considered a sign of severe TLE. + 
means that the homozygote TLE-patients have a lower number of years from seizure debut until start on AED than the 
normal TLE-patients. 

7. A high number of years on AED was considered a sign of severe TLE. + means that the homozygote TLE-patients have a 
higher number of years on AED than the normal TLE-patients. 

8. A low percentage of patients that still use first line drugs was considered an indication of severe TLE that is difficult to treat. 
+ means that the homozygote TLE-patients have a lower percentage on first line medication than the normal TLE-patients. 

9. Pathological MRI was considered a sign of severe TLE (see discussion). ÷ means that the homozygote TLE-patients has a 
higher number of normal MRIs than the normal TLE-patients. 

 


