For reprint orders, please contact reprints@expert-reviews.com

Gene promoter analysis in molecular
diagnostics: do or don’t?

Expert Rev. Mol. Diagn. 9(5), 403-405 (2009)

Karen MK de
Vooght, PhD

Author for correspondence
Department of Clinical
Chemistry and
Haematology, Laboratory
for Red Blood Cell
Research, University
Medlcal Center Utrecht,
Postbus 85500, 3508 GA,
Utrecht, The Netherlands
Tel.: +31 887 558 748
Fax: +31 887 555 418
k.devooght@
umcutrecht.nl

Wouter W van
Solinge, PhD
Department of Clinical
Chemistry and
Haematology, Laboratory
for Red Blood Cell
Research, University
Medical Center Utrecht,
Postbus 85500, 3508 GA,
Utrecht, The Netherlands
Tel.: +31 887 559 594
Fax: +31 887 555 418
wsolinge@umcutrecht.n/

EXPERT |
| REVIEWS

“Mutations in the promoter region of a gene can alter or abolish
the binding ability of sequence motifs for the transcription
factors that normally interact with them, thereby disrupting the
normal process of gene activation and transcriptional initiation.”

Approximately 1% of single basepair sub-
stitutions causing human genetic disease
occur within gene promoter regions where
they disrupt the normal processes of gene
activation and transcriptional initiation,
and usually decrease or increase the level
of mRNA and, thus, protein [1]. Although
promoter mutations are known to have
functionally important consequences
for gene expression, promoter analysis
is not a regular part of molecular diag-
nostics. One reason is that the effect of
promoter mutations can be very subtle.
For instance, the majority of missense
mutations cause a fairly easy to identify
qualitative defect. By contrast, promoter
mutations may cause small quantitative
defects that may be hard to detect. Even
if the promoter of an autosomal gene is
completely downregulated as result of
mutation, half of the normal amount of
protein is present, which is often enough
to prevent severe disease. Another reason
for not performing promoter analysis is
that it is complex and the assays that are
needed to investigate the functional rela-
tionship between the mutation and dis-
ease are laborious and difficult to perform.
As a result, thorough studies of promoter
mutations are scarce and often confined
to research laboratories. By contrast, in
epidemiological studies in which large
amounts of single-nucleotide polymor-
phisms (SNDPs) are studied in relation
to disease, several promoter SNPs have
recently been shown to be associated with
specific diseases. Unfortunately, appropri-
ate functional analysis of these SNPs is
often lacking and it can be questioned if
they are themselves causing disease.

Gene promoter mutations

The promoter of a gene is a regulatory
region of DNA located upstream of that
specific gene, typically consisting of a core
promoter (surrounding the transcriptional
start site) and a proximal promoter. Both
contain multiple sequence-specific binding
sites for transcription factors. The struc-
tural gathering of these DNA-binding
proteins directs basal transcription (core
promoter) and enhances transcriptional
activity (proximal promoter) [2]. Mutations
in the promoter region of a gene can alter
or abolish the binding ability of sequence
motifs for the transcription factors that
normally interact with them, thereby
disrupting the normal process of gene
activation and transcriptional initiation.
There is hardly any literature regarding the
incidence of promoter mutations in rela-
tion to disease. However, the incidence
of reported promoter mutations in genes
seems to depend on the extensiveness by
which genes have been studied in the past
and the severity of disease caused by the
mutation [3]. Examples of diseases caused
by promoter mutations are 3-thalassemia 4],
Bernard—Soulier syndrome [s], pyruvate
kinase deficiency (6], familial hyperchol-
esterolemia [101] and hemophilia 7] (for a
review, see [8]). In general, polymorphic
sequence variations are considered to be
rather harmless, especially if located in
noncoding sections of a gene. However,
polymorphic variations that occur in the
promoter may affect gene expression and
may, thus, have the potential to be of phe-
notypic or even of pathological significance
(1]. An increasing number of promoter
polymorphisms has been characterized by
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functional studies. Some may well be of pathological significance
(e.g., those in the plasminogen activator inhibitor type 1, TNF-a,
Apo Al lipoprotein lipase and IL-6 genes [1]).

Promoter mutation analysis

The analysis of disease-causing promoter mutations typically
consists of 77 silico analysis of the promoter mutation, functional
promoter assays, such as transient transfection assays, and DNA-
transcription factor binding assays, such as electrophoretic mobility
shift assays (EMSAs) and chromatin immunoprecipitation (ChIP)
assays [3]. Overall, promoter assays are complex and time-consum-
ing, making specific demands on laboratory equipment (i.e., cloning
and cell culturing facilities). A prerequisite for lowering the hurdles
to promoter mutation analysis is the development of dedicated and
simple functional promoter assays and transcription factor binding
assays. At this moment, laboratories need cell-culturing facilities
to perform functional (transfection) assays. The development of a
cell-free functional assay would increase the opportunities for gen-
eral laboratories to characterize promoter mutations and sequence
variations. Traditionally, EMSAs and supershift assays are per-
formed using radiolabeled oligonucleotide probes. Owing to safety
concerns associated with the proper storage, usage and disposal of
radioactivity, and to make the assay more accessible to laboratories
without an isotope laboratory or phosphoimager, nonradioactive
EMSASs have been developed. In these assays, biotinylated probes,
chemiluminescence detection of fluorescence probes are used [9]. A
disadvantage, however, is that the sensitivity of these assays is often
lower than that of radioactive EMSAs.

(13
Overall, promoter assays are complex and
time-consuming, making specific demands
B ”
on laboratory equipment...

To improve the use of EMSAs, more-sensitive nonradioactive
probes or techniques have to be developed. The inclusion of ChIP
assay data in promoter mutation studies is often a prerequisite
for publication. The value of this assay lies in the opportunity to
demonstrate the in vivo relevance of transcription factor binding.
The main disadvantage of this assay is that it is technically chal-
lenging. The method requires high-quality antibodies capable of
recognizing the fixed transcription factor and the optimization of
chromatin shearing conditions can be difficult [10]. Commercial
ChIP assay kits have become available recently, and optimization
of these assays will make them more accessible for less-experienced
laboratories. Therefore, not only dedicated assays will make pro-
moter mutation analysis easier. To investigate whether a promoter
mutation disrupts or creates a putative transcription factor binding
site, and thereby to assess the change of a ‘positive outcome’ of an
extensive characterization of a promoter mutation, better predic-
tion programs for in silico analysis are needed. The improvement
of these prediction programs strongly depends on the expansion
of the darta input (e.g., transcription factors, transcription factor
binding sequences and mutations), improvement of the quality
of data (solid and complete functional and binding assay results),
improvement of species specificity and inclusion of data regarding

tissue-specific transcription factors and expression. Knowledge of
tissue-specific expression of genes appears to be crucial for proper
promoter mutation analysis.

Pros & cons of gene promoter analysis in
molecular diagnostics
There are several reasons for a reserved standpoint towards promoter
mutation analysis, the main one being the opinion that promoter
mutations have only a subtle effect on transcription, generally too
mild to cause disease. Even when there seems to be an association
between one specific promoter mutation and disease, (i.e., low pyru-
vate kinase activity and the -148C>T mutation in the erythroid-
specific promoter of PKLR), it may be impossible to prove it using
in vitro transfection studies [11]. In addition, promoter mutations
that turn out to be nonfunctional are often not reported (pub-
lication bias). Furthermore, the assessment of the relevance of a
promoter mutation is difficult because the location of the promoter
is frequently not well defined, the effort needed to analyze these
mutations is overly high and it is often not possible to report unam-
biguously on the clinical effect of the identified mutation. Advocates
of extensive promoter mutation analysis refer to overviews of pro-
moter mutations that have been proven to cause disease [8,12]. It is
even conceivable that some promoter mutations have failed to be
noticed thus far because promoter analysis is not a regular part of
the molecular diagnostic line-up in suspected inherited diseases, and
if included, often only a limited region of the promoter is analyzed.
Today, epidemiological studies, in which large numbers of SNPs
are studied in relation to disease, generate considerable numbers
of putative functional promoter SNPs. However, a causal link
between these promoter polymorphisms and disease is often
absent, since these studies generally lack functional promoter
assays. This could lead to the false impression of a high number
of promoter mutations having phenotypic consequences. On the
other hand, if in this case a causal relationship would be proven by
use of functional and binding assays, such disease-associated pro-
moter sequence variations could have a big impact on the general
awareness of the importance of promoter mutations.

“Even when there seems to be an association
between one specific promoter mutation and
disease ... it may be impossible to prove it using
in vitro transfection studies.”

In our opinion, the only solution to the contradiction on the
relevance of promoter mutations is to increase our knowledge by
improving promoter mutation analysis. More insight into the
carefully orchestrated symphony of transcriptional regulation
(13] will expand our understanding of the role of transcriptional
regulation in human disease. Therefore, we believe that routine
laboratories should cooperate more with research groups involved
in gene promoter research. This will work in both directions:
routine laboratories can translate the findings of research groups
into diagnostic tools, whereas groups involved in gene promoter
research, depend on the identification of these mutations in
patients, to improve knowledge on transcriptional regulation
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of the gene of interest and the role of disturbed transcriptional
regulation in disease [3]. Improving the data on the iz vivo and
in vitro effects of promoter mutations associated with disease will
hopefully lead to a proper assessment of the incidence of disease
causing promoter mutations with respect to other known genetic
causes of disease, free of most bias or prejudice.

Conclusion

More and better promoter mutation analysis could lead to better
in silico prediction programs that could prevent needless promoter
mutation studies. We hope that, in the future, promoter predic-
tion programs will be able to reliably assess the putative effect
of a promoter mutation. In addition, fast and easy-to-perform
functional and transcription factor-binding assays will make it

possible to instantly report on the in vivo effect of a promoter
mutation. This will increase the awareness and understanding
of the genetic diseases in which we should consider the pres-
ence of promoter mutations. Hopefully, we will then also be able
to answer the question of whether gene promoter analysis is an
essential part of molecular diagnostics.
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