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Editorial 

Powered for Success:
Considerations for
Using the Candidate
Gene Approach in
Rheumatic Diseases in the 
Post-genomics Era

Genetic factors play a substantive role in the susceptibility
of ankylosing spondylitis (AS), as evidenced by its high
heritability (> 90%) and considerable recurrence risk ratio
(λs = 50–80)1. Powered by 3 AS genome-wide association
studies (GWAS), 26 genetic loci have reached genome-wide
significance, accounting for about 25% of the overall
heritability1,2,3. The overwhelming majority of the genetic
contribution is provided by the HLA-B27 variant. 

The most efficient method for gene identification at
present appears to be association-based studies, which
integrate genetic and epidemiological principles. Associa-
tion-based studies have benefited immensely from the
characterization of a large number of single-nucleotide
polymorphism (SNP) markers, linkage disequilibrium (LD)
data from the HapMap project, and more recently, the 1000
Genomes Project (www.1000genomes.org/), and the devel-
opment of high-throughput genotyping technologies. The
candidate gene approach focuses on associations between
genetic variation within prespecified genes of interest and
disease phenotypes. The selection of candidate genes is
most often based on a priori knowledge of the proposed
gene function on a particular trait. In this issue of The
Journal, Nossent, et al present results of a cross-sectional
and longitudinal study examining the relationship between 2
tumor necrosis factor-a (TNF-a) gene promoter polymor-
phisms with serum TNF levels and clinical outcomes, in a
white Norwegian AS cohort4. 

Multiple lines of evidence support a key role for TNF-a
in AS pathogenesis. Despite the lack of consistent associ-
ation between TNF-a promoter polymorphisms and AS
susceptibility5,6, it is conceivable that variants from this
gene are involved in disease expression, such as extra-
articular manifestations or disease severity, or with selected
endophenotypes such as serum TNF-a levels or pharmaco-

genetic response. The study by Nossent, et al comprised a
total of 335 patients with AS. They reported that the TNF-a
–308 GA/AA genotype was associated with a reduced risk
of anterior uveitis and better spinal function, whereas the
TNF-a –238 GA/AA genotype was associated with later
age of onset of AS and lower erythrocyte sedimentation
rate. They also reported that serum TNF-a levels were not
significantly different between these 2 genotype carriers,
suggesting that TNF-a genotype does not influence TNF-a
production in AS. 

Although the above associations are of potential clinical
relevance, there is often apprehension or skepticism in
“believing” such results, unless they can be replicated in
independent cohorts. This view is supported by Hirschhorn,
et al, who reported that only 3.6% (6/166) of initial associ-
ation findings were replicated in subsequent studies7.
Consequently, initial reports of a novel association should
be cautiously interpreted, especially in the context of small
sample sizes and marginal statistical significance. Although
it is well acknowledged that inadequate power in a study
raises doubt with respect to negative association, what is
often overlooked is the corresponding reduction in the
validity of the results that are stated to reach statistical
significance8. 

Besides increasing sample size, how can the power of
candidate gene studies be increased? 
Many factors contribute to the detection power in associ-
ation studies. Factors beyond a researcher’s control include the
actual genetic architecture of markers (i.e., dominant/reces-
sive, penetrance), their allele frequency, and their effect
size8. Potentially modifiable variables include case
selection, sample size, marker selection, and the design of
association-based studies8. In this editorial, we discuss
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general strategies to increase statistical power of studies like
that of Nossent, et al; and where appropriate, make specific
reference to that article. 

With respect to phenotype, cases can be genetically
enriched, extreme phenotypes can be compared, or an
endophenotype examined. Cases can be genetically
enriched by choosing probands with familial AS. In this
approach, it is important that only 1 member of the family is
used, as all cases should be independent of each other.
Although there are inefficiencies related to sample
collection using this approach, this may be outweighed by
the genetic enrichment of the case.

The inclusion of extreme phenotypes can enhance statis-
tical power in a study. With this approach, genetic factors
are enriched in extreme phenotypes, which provide more
informative alleles by maximizing the differences between
cases and controls. Because the frequency of alleles that
contribute to a trait are enriched in 1 or both phenotype
extremes, a modest sample size can be sufficient to detect an
association. This strategy has largely been used for quantita-
tively measurable traits, but can also be used for
dichotomous traits9. An extreme phenotype design has been
demonstrated as an efficient method for complex disease
gene mapping9. 

Another approach is to use a quantitatively measured
trait related to the disease, which is hypothesized to improve
power to detect a genetic effect and often to have a more
interpretable outcome10. Nossent, et al used serum TNF-a
levels as an endophenotype and assessed the association of
TNF-a –308 and –238 genetic variations with TNF-a levels
in patients with AS. Numerous studies investigating the
effect of TNF-a genetic variation on serum TNF-a levels
have collectively produced conflicting results, with several
demonstrating a significant association between the
presence of allele A at TNF-a –308 and higher TNF-a
production11,12,13,14, while other studies failed to find such
an association, or reported an even lower TNF-a production
in the presence of the A allele at position –30815,16,17,18. A
similar situation was observed for the TNF-a –238 promoter
polymorphism15,18,19,20. Notably, the influence of TNF-a
promoter polymorphisms on in vitro investigations are
confounded by use of different cell cultures, different
stimuli, variation in cell type analyzed, modeling of
different diseases, and different detection assays; this may
help explain some of the conflicting results.

In some respects, the criteria for selecting an appropriate
endophenotype, determining its heritability, and deter-
mining an optimal sampling method, remain elusive.
Problems with investigating serum TNF-a levels as an
endophenotype are demonstrated in the study by Nossent, et
al4, where a significant number of patients with AS had
undetectable levels of TNF-a in serum compared with
controls. Given the percentage of AS patients with very low
serum TNF-a levels in that study, it was not surprising that

the authors were unable to establish an association between
serum TNF-a levels and clinical disease features. In such a
situation, statistically transforming serum TNF-a data so
that its distribution can be about normal may help improve
the statistical power. Also, conflicting results regarding
serum TNF-a levels with AS disease activity16,17 suggest
that measurement of serum TNF-a levels is a poor endo-
phenotype for AS studies. 

One of the major determinants of statistical power is the
allele frequency. Rare allele frequency refers to a population
frequency of less than 1%, although some have used 0.5%
as the cutoff; whereas low refers to a frequency between 1
to 5%. In the Nossent, et al study4, the minor allele
frequency was only 1.5% for TNF-a gene –238 variant and
7% for –308 variant. In certain situations, a very rare allele
can be assigned a higher priority than more common
markers, as highly deleterious mutations are likely to be
subjected to negative selection. However, given the nature
of rare variants, a very large number of patients are required
to reach statistical significance.

Careful selection of variants that are a priori more likely
to be causal is another method that can improve statistical
power. Priority is generally given to those variants that are
most likely to cause disease, for instance nonsense variants
are preferred over coding missense non-synonymous
non-conservative markers. Selecting disease-causing markers
or markers that are in complete LD with a disease-causing
variant will help maximize statistical power. It is also
prudent to acknowledge that genetic and epigenetic alter-
ations other than SNP within the promoter region of a gene
has the capability to adversely affect gene transcription. 

Using special populations such as genetic isolates can
minimize the effect of genetic heterogeneity. Young isolates
with relatively few founders demonstrate particularly
extensive LD with very few gaps21. These populations are
also characterized by environmental and phenotypic
homogeneity, restricted geographical distribution, and the
presence of exhaustive and detailed records correlating
individuals in very well-ascertained pedigrees22. 

The most frequent comment stemming from a review of
genetic association studies is the requirement for indepen-
dent validation. This is often not feasible because of the
unavailability of a replication cohort. In GWAS studies, a
multistage design is often used, where 1 group is used for
discovery while the other group of patients tests either only
significant findings or a predetermined proportion of the
initial markers. Although this method contains a built-in
replication cohort, it reduces the overall power of the study,
because the sample size in the respective datasets is smaller
than the pooled sample size23. Consequently, the optimal
design is an independent replication cohort. 

A power calculation is an essential requirement for
association-based studies for proper interpretation and
comparison of results. Researchers do have control over
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some aspects of the proposed study design, and these should
be optimized before study initiation. We expect in the
coming years with improved study designs, larger inform-
ative cohorts, and advancements in technology that
additional biological markers will be discovered and imple-
mented clinically to better predict response a priori. 
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