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General discussion

In this section the various methods that have been applied in this thesis for
analyzing the correlation between genotype and phenotype in complex
neurological disorders will be discussed together with some possible future

perspectives.

Association & stratification

For complex neurological disorders association studies are a straightforward
method to quickly assess the involvement of candidate genes. Furthermore, the
design is powerful for testing polymorphisms with small effects, which is
essential for studying the genetics of complex disorders'. However, association
studies are often criticized because of the failure of replicating positive
results®. In literature, the advantages, as well as the inherent problems of the
study design have been thoroughly discussed®*. One of the major concerns for
association studies has been population stratification'”. Spurious association
due to population stratification occurs when both the disorder and gene
frequency differs between two populations. If cases and controls are selected
in different proportions from these two populations, association will occur

without a causal relation between the tested polymorphism and the disorder.

In chapter two it was shown that population stratification surprisingly has a
small effect, except for extreme situations; the unlikely situation that the gene
frequency and/or the selection of two populations is extremely different in
cases and controls. Although this may lead to the conclusion that one does not
need to take population stratification into account, there are reasons why such
stratification should be avoided. Population stratification may be relevant in
case of studying very large samples of cases and controls, or searching for
gene variants with limited effect size®®. Only a small number of empirical
studies is currently available, concerning the presence and use of testing
population stratification. In addition, studies report contradictory results based
on what is considered to be a substantial increase in false-positive findings’"'.

To use an analogy, if one would perform a case-control study involving lung-
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cancer and a given risk factor, confounding factors like smoking, gender and
age should be taken into account when designing such a study. The
confounding of population stratification can taken into account as well, as

several tests and correction methods have been proposed'*"’.

If population stratification is not a major issue, the question remains why
association studies are often false-positives and cannot easily be replicated.
There is good reason to argue that major factors are the sample size of the
study population, and statistical problems due to multiple testing. As shown
indirectly in chapters three and four, sample size can largely influence the
outcome of studies. Unfortunately, many studies suffer from too small sample
sizes to evaluate genuine associations (and gene-gene interactions)'®.
Therefore, increasing the sample size (to several hundreds or even thousands),
and increasing the statistical significance level (well below o = 0.05) seem
logical remedies to reduce false-positive association results. Replication
studies, meta-analyses and more in-depth functional research should be
applied to confirm initial association findings. Recently, it has been proposed
that data for association studies should be made available online'’. In this way
other researchers can add data and check their results in combined data sets.
Such an approach would make more effective use of resources and would help

in avoiding publication bias towards false-positive findings.

The wuse of parametric linkage analysis in complex

neurological disorders

Although parametric linkage analysis is often considered to be less efficient
than non-parametric methods for localizing genes in complex traits, the results
of this thesis show that it can be a useful approach given that efforts to study
homogenous material are taken. In chapters seven and eight parametric
linkage analysis was applied to study single Mendelian families affected with

epilepsy. In chapter seven a Dutch family with familial cortical tremor and
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epilepsy (FCTE) showed no evidence for linkage to the Japanese 8q23.3-24.1
locus, which indicated heterogeneity for this phenotype’™?'. In chapter eight
linkage analysis was performed in a single family for several loci involved in
autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE) (1p21, 15q24,
20q.13.3) and familial partial epilepsy with variable foci (FPEVF) (2q36,
22q11-q12)*?°. Linkage to chromosome 22q11-q12 favored the diagnosis of
FPEVF, showing that linkage analysis can be used to support a diagnosis of

rare familial epilepsy syndromes.

In addition to the epilepsy families, parametric linkage analysis was applied in
seven Dutch migraine without aura (MO) families (chapter six). In order to
increase the homogeneity, the MO families were selected based on the
criterion that (nearly) all affected individuals should have MO. Branches in
which a spouse was affected with migraine were not used. Despite these
efforts, none of the individual families showed significant - or suggestive
evidence for linkage. LOD scores were substantially lower than the expected
simulated LOD scores, assuming a single segregating disorder gene per
family. Allelic heterogeneity and/or presence of phenocopies were found, as a
number of affected individuals in the large families did not carry the specific
haplotype segregating with the disorder. Locus heterogeneity seemed to be
present as well but could not be confirmed. Given the complexity and
prevalence of migraine, the heterogeneity is not surprising. Interestingly,
suggestive evidence for linkage was found at a locus on chromosome 4q21-

q24, replicating the results of the Iceland and Finnish genome scans>’*.

Family selection and effects of heterogeneity in the MO

linkage analysis
In chapter six several strategies were employed to account for the
heterogeneity that is obviously a large problem in the genetics of migraine.

The selection of specific phenotypes to reduce heterogeneity has often been a
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successful approach for mapping genes, for example in early-onset cases of

2930 However, the

Alzheimer’s disecase and familial hemiplegic migraine
method has an effect only if the selection criterion contributes to a more
homogenous sample. The possibility that multiple risk factors segregate in the
studied families remains, which probably occurred in chapter six when
selecting the families with MO. The selection of these highly loaded families
may even have contributed to the heterogeneity because it becomes more
probable to select families, in which multiple disorder genes segregate. Some

evidence for this was found in the segregation analyses of chapter five, where

the polygenic model fitted as good as the general dominant single locus model.

In contrast to the epilepsy families, the migraine families did not show strong
evidence for linkage when analyzed individually. Two families were large
enough to detect significant linkage. Ironically, the family size also increases
the probability of heterogeneity, as the married-in spouses may contribute new
risk factors. This was avoided as much as possible by excluding branches with
two affected parents but probably combinations of risk factors still contributed
to the migraine development in the remaining branches. An alternative
approach is to analyze a number of (smaller) families in a single analysis but it
will likely increase the probability of locus heterogeneity. In chapter six this
approach was employed as well without a substantial change in conclusions.
Analyzing a single large family or multiple smaller families remains a
dilemma. In the field of migraine the use of both methods has led to positive

results recently®’!

. Given a substantial publication bias, it is difficult to
determine, which method is optimal. Theoretically, there is only a limited
number of genes involved in a disorder, as a limited number of biochemical
pathways are affected. Therefore, studying a very large sample of smaller
families should eventually have more power to detect the responsible gene

variant(s), as compared to a single family approach.
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Another frequently used approach to account for heterogeneity is a test with an
iterated mixture parameter added to the statistic, which determines the
probability of a given family to be linked to the locus®>*. Also this approach
was applied in chapter six, using the program HOMOG***. Although this
method is increasing the power of locus detection under heterogeneity, it is far
from perfect. For example, the linkage model parameters are assumed to be
equal for the loci. Also, the estimations of the mixture parameter can be
wrong, depending on the parametric linkage model used and the number of
families that is tested. Furthermore, the likelihood statistic has a difficult
distribution with one or two degrees of freedom®®. The mixture method has
been extended for the non-parametric analysis, dealing with some of the
problems that are inherent to the use of a linkage model’’. Whether parametric
or non-parametric linkage analysis is the best approach to detect linkage is an

issue of discussion®®¥.

Alternative approaches accounting for heterogeneity

To test linkage in migraine without aura, alternative strategies could have been
employed to reduce heterogeneity as well. These include study design changes
like testing association or sib-pair analysis instead of (parametric) linkage'.
Another way to cope with heterogeneity using a linkage approach is to divide
larger families into smaller nuclear families and analyze them as being
independent, using sib-pair analysis or non-parametric methods”. When the
mode of inheritance is specified as dominant for parametric linkage, while the
true mode of inheritance is recessive, this method will increase the detection

probability of recessive loci®*"*

. In case the mode of inheritance was
specified correctly, some power is probably lost because pedigrees have been
split into nuclear families*”. Some genome scans analyzing the data with both
methods show that the LOD scores and detected locations are often very

. 274344
similar?” %,
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In addition to increasing the homogeneity of the phenotype, the homogeneity
of the whole genome in a studied sample can be increased as well. Families
can be selected from an isolated population, in which it is assumed that genetic
drift, disease bottlenecks and founder effects have reduced the heterogeneity
of the genetic risk factors®. Preferably, the genealogy of the population is
known as well, so that selected families or persons can be related to each
other**”. Currently, a number of isolate studies applying different design- and
statistical approaches have been published with optimistic results*’*. It should
be noted, however, that the heterogeneity may not be reduced for some
disorders of interest. In addition, the found loci may be unimportant risk

factors in other populations.

Nowadays, research should be aimed at developing more specific methods to
detect linkage under heterogeneity. Correcting for linkage evidence at other
loci may be such an option and various methods to employ this strategy have
been developed™ ™. The use of ordered subset analysis, in which families are
rank-ordered based on a covariate (phenotype) and then permuted until the
maximum LOD score of a given subset is found, may be extended for

heterogeneity as well™.

The selection of a proper family-based association test

With the current availability of dense single nucleotide polymorphisms maps
and the increased number of mapped susceptibility loci, the emphasis of future
genetic research for complex diseases will more often be focused on fine
mapping genes with family-based association studies. A simple question,
though sometimes difficult to answer, is how to select the proper statistical
method used to analyze the data. Of course, a limitation is the study sample
characteristics but the possibilities are large when a sample of sib-pairs for a
dichotomous trait with unaffected, affected siblings and parents has been
genotyped. If parent-affected child trios are selected from these data, then the
haplotype relative risk (HRR) method, transmission disequilibrium test (TDT),
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reconstruction combined-transmission disequilibrium test (RC-TDT) or
TRANSMIT test can be applied®*”’. In addition, tests like the sib transmission
disequilibrium test (S-TDT), the discordant alleles test (DAT) and discordant
sibship test (SDT) that make use of the known allele sharing / transmission in
siblings can be used as well®*®. Furthermore, complete families can be
analyzed, using a weighting function for the familial relations in tests like the
pedigree disequilibrium test (PDT) and family based association test
(FBAT)*", These examples were taken from a much larger list of family-
based association tests that was thoroughly reviewed in Schulze and McMahon
in 2002%. Since then, the number of tests has still increased®*®. Finally, other
possibilities can be taken under consideration, such as the use of covariates in
the analysis, the use of multiple markers or (tag) haplotypes and the use of

quantitative traits®*°®,

In chapter four three statistics (TDT, Mantel-Haenszel extension, Z’score
TDT/S-TDT) were applied to study if there was an association between the
HVR haplotype, causing retinopathy, and co-morbid migraine and Raynaud
phenomenon in a Dutch family*>**®_ The data were generated using only one
large pedigree, which caused problems in several of the proposed tests (PDT
and FBAT) because the statistics are based on the weighting of multiple

- 61,62
families’™

. However, splitting the family into multiple nuclear families
resolved this issue, and some family-based statistics could be employed.
Differences that were observed between the use of trios and sib-pairs may be
explained by the increase of sample size using sibling-based approaches. With
the different approaches, changing sub-samples from a single family are
studied, therefore, the results may differ in outcome based on the selection. If
the relation between the genotype and phenotype is strong and sample size is
relatively large, these effects will probably not alter the outcome. In smaller
samples, however, this might not be true. It is therefore important to know the

properties of a given test. Here, literature becomes less extensive: many tests

are developed but are tested only for a limited number of situations. In
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addition, a limited number of tests is compared and mainly for the power to
detect association. Experience in implementation and support for many of
these tests is difficult to obtain, which may lead to a reduced use of the most
optimal method. Future research should be aimed at more careful comparison
of tests with empirical and simulated data. In addition, a more user-friendly
program combining multiple tests, like SPSS for example, would likely be

helpful for many (epidemiological) geneticists.

Conclusion

Different complex neurological disorders require different mapping strategies
and study design to successfully locate genes involved in the disorder. Linkage
analysis and association analysis are applied to contribute to these findings. In
this thesis the results were often dependent on a selection either in samples or
statistics used for the analysis. In case-control studies the selection of cases
and controls may sometimes lead to confounding. In linkage analysis the
family selection and method of analysis can be the difference between failure
and success of a study. Essential is to know the effects and limitations within a
study, even more when other possibilities of research are limited, which is

often the case in complex neurological disorders.
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